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YNG2 FOREWORD 


The primary objective in presenting a course in Radar 
Fundamentals is to provide the student with an adequate understand- 
ing of the circuits fundamental to all Radar equipments, in order 

that he can develop an overall picture of Radar requirements and 
» performance. The student should be conditioned to accept instruc- 

tion in the various specific types of Radar, retaining his concept 
of the overall basic requirements, without becoming confused by 
design characteristics or minor variations in fundamental circuits 
performing special functions. 


The material composing "Fundamentals of Radar" has been 
compiled by the Instructional Staff of. the Radar Fundamentals Sec- 
tion, Naval Air Technical Training Center, Corpus Christi, Texas. 
Its purpose 4s to furnish a source of information to which the 
student may turn in preparation for the specific lectures presen- 
ted in Radar Fundamentals, and to provide a ready reference to 
basic circuit analysis as "he progresses through the course of train- 
ing at this center. 


Close agreement is maintained in the sequence of art- 
icles in the pamphlet and that of the lecture material presented in 
the Radar Fundamentals course. In the preparation of the various 
articles a consistant effort has been put forth toward the develop- 
ment of a standard nomenclature based on the terminology exercised 
in Appendices A and B. 


p The data tabulated in Appendix C is presented as a fur- 
ther effort to impress the student with the scope of application 

of the circuits he is studying in the Fundamentals section. 
Appendix D embodies supplementary material included to assist in 
effecting the transition from the study of basic Radar to that of 
specific types of equipment. Appendix E lists the recently adopted 
Army-Navy nomenclature. 
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Particular credit is due R.E., L. H. Parks, USNR and H. A. 
Owen, ARTlc, USNR, who carried out the greater portion of the de- 
tail "ainvolved in the development of this pamphlet. The organiza- 
ace work and editing was done by Lt. (j.g.) John E. Williams, 
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— Lieut., USN 
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CHAPTER I 


Basic Concepts of Radar Performance 


1. RAdic Detection And 
Ranging (RADAR) is the art of 
Tocating by radio means the pre- 
sence of objects, determining 
their present angular position 
(bearing) and range, and recog- 
nizing their character; and of 
utilizing the data thus obtain- 
ed in the performence of mili- 
tary and Naval action. 


ee. iIn order to accomplish 
this detection and ranging a 
beam of R.F. energy is directed 
over a region in search of a 
target. If the beam strikes a 
target the R.F. energy is re- 
flected, some small portion of 
which will travel beck in the 
direction of the transmitter. 
A receiver is located in the vi- 
cinity of the transmitter cap- 
able of detecting this reflected 
energy (echo), together with a 
time measuring device capable of 
indicating the extremely short 
lapse of time between transmis— 
Sion and reception. Knowing the 
velocity of propagation of the 
R. F. energy the lapse of tire 
between transmission and recep-— 
tion indicates the renge of the 
target. The mere fact thd an 
echo returns reveals the pre- 
sence of the target. 


3. Three systems have been 
_ developed as a means of enabling 
the receiver to distinguish be- 
tween the R.F. energy being 
tranemitted and tha being re- 
flected from a target. 


(a) The: Freauency Mod- 
ulation system requires thet & 
RAF. carrier be continuously 
varied over a certain range. As 
a@ period of time elapses between 
the transmission and reception 
there will be a frequency differ- 
ence between the transmitted R.F. 


and the reflected R.F. at any 
instant. This difference fre- 
quency (beat note) if present 
reveals the presence Of a tar~ 
vet and the frequency of the 
beat note reveals the time 
iifference between transmission 
and reception, thus the range. 
This systsm is applicable to 
fixed targets only as is eviden- 
ced by a consideration of the 
Doppler Effect. 


(b) The C-W system is 
applicable to the detection 03 


moving targets, as an unmodu- 
lated R.F. carrier is trans- 
nitted and the system depends 
upon the shift in. frequency due 
to the Doppler Effect to indi- 
cate the presence of.moving tar- 
gets. Stationary or slow moving 
targets or those having slight 
relative motion would not be 
detected. 


(c) The Pulse-Modu~ 
lation system has by far the 
greater application and is under- 
going more rapid development and 
wider use. Here the transmitter 
4s turned off before the reflect- 
ed energy arrives back from the 
target. The receiver has no 
trouble in distinguishing between 
the two signals as only one.As 
present at a time, The sequence 
of events is as follows: The 
transmitter is turned on, allow- 
ed to remain on for a very short 
time and then turned off. After 
the reflected signal is received 
and indicated the transmitter is 
turned on egain and the cycle is 
repeated. It is seen then that 
the transmitter sends out short. 
bursts or pulses of R.F. energy. 
The receiver detects the echoes 
of thése pulses when they are 
reflected from a target. 


a 


4. Direction and distance 
finding by use of echoes is by no 
means new. The process has been 
in continual use since some savage 
in his berk canoe shouted and lis- 
tened for the echo from a nearby 
cliff. It has been demonstrated 
that bats emit short bursts of 
supersonic energy as & means of 
detecting and ranging on objects. 
Modern science has sd&pteda echo 
ranging to under-water sound. In 
all these systems a short sherp 
pulse of energy is emitted; it 
travels to the target, is reflect- 
ed, and travels cack again. By 
listening for the echo certain in- 
formation may be obtained -- since 
the echo returns from the target, 
the direction of return must be 
the direction of the target; and 
since the energy travels at a 
known velocity, the time from the 
transmission of the pulse to the 
reception of the echo is an indie 
cation of the distance to the tar- 
get. The underwater sound system 
has retained its merit due to the 
fact that the velocity of sound in 
water approaches one mile per sec- 
ond and tl.e speed of sur.ace or @ 
submerged vessel is quite slow in 
comparision. FEowever, considering 
thet tne velocity of sound in air 
is approximately 1100 feet per 
second, a modern plane traveling 
in excess of 300 miles per hour, 
or approximately 450 feet per sec- 
ond, might well be past and out of 
renge before any effective action 
coula be taken azeinst it, if a 
sound system were relied upon. 


Se In the past the navy has 
depended for its direction and 
range dsta on optical equipment. 
The visual system is limited by 
the distance one can see or the 
"line of sight". On a clear day 
the optical range-finders of a 
battleship have sa range of from 
18 to 20 miles. This distance 
can be and is usually increased by 
use of scouting planes in cirecting 
the fire of the runs. Neture 
slly at nirht ena on a fogzy day 
the usefulness of the optical 
equipment is practically nil, and 


ao Ge 


since planes. cannot fly in all 
weather their usefulness is like- 
wise restricted. 


6. By considering the 
shortcomings of the older types 
of detection or ranging it can 
be seen that the modern system 
must have a sufficient range to 
be effective against aircraft, 
must be equally efficient day 
or night {or in foggy or cloudy 
weather), must possess a high 
devyree of accuracy, and must be 
capable of being used on lend, 
8st sea, or in the sir. The 
pulse modulation system is de- 
Signed cto meet these require- 
ments and consists of (1) a 
source of powerful hk. F. pulses 
of short durstion, 1.@., a 
transmitter and a directional 
radistor, (2) a receiver of 
grest sensitivity, and (3). a 
means of indicating the required 
data. The discovery of this 
principle dates back to the early 
days of radio when it was dis- 
covered that the ionosphere was . 
reflecting radio waves and there- 
by the height of this layer could 
be measured. Presumably all the 
technical laboratories of the 
great military powers recognized 
the importance of this discovery 
and immediately set to work de- 
veloping it for some practical 
military use. The Enxvlish phy- 
sicist, Professor Watson-Watt, 
has stated that =nclish research 
on hadar started in 1952. The 
development of the modern ceth- 
ode-ray tube at about this time 
gave momentum to the research as 
it became evicent that a cheap 
and reliable indicator or time 
measurin.- device had become 
available. 


7. A crude form of radloe 
locetion of Soviet origin appear- 
ed in the Spanish Civil War on 
the Loyalist side. Also reports 
from U.. S. intellignece officers 
indicate German trial ot the 
principle in thet same test war. 
However the real test of radioe 
location did not come till the 
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war between Germany and the democ-— 
racies got underway. 


&. The first real indica- 
tions of the usefulness of redio- 
locsetion came with the finding of 
the German prison ship Altmark 
and the defeat of the numerically 
superior Luftwaffe by the Royel 
Air Farce during the battle of 
Briton, both being elmost totally 
due to the use of Radar. Until 
the case of the Altmark, the Eng- 
lish land stetions which ere 
placed all along the coset of 
Great Britain, had been having 
great suceese in eccuretely lLo- 
cating enemy planes attemoting 
bombing raids. However the pol- 
icy of the RAF had been to dis-— 
pense with so called frills end 
put as much armament as possible 
in each plane. So that without 
positive proof of the usefulness 


of radio-locetion on planes the find- 


ing of the enemy wae left much 
to the sight of the observer, 
Part of the coolness to radio- 
location was also due to lacx of 
experience and incorrect or 
faulty installation of the gear. 


9. In April 1940 the Germen 
prison ship Altmark was sighted 
by several English destroyers. 
After a chase which took them to 
the coast of Norway the English 
lost contact. However all infor- 
mation was made available to the 
Coastal Command of the RAF and a 
search was started by several of 
the Radar enthusiasts of the 
High Command. Using an early 
model of ASV (the latest at the 
time) they fitted out a patrol 
plane and went in search of the 
vessel. As the plane was flying 
past one of the numerous fjords 
of Norway it was noticed that a 
large blip of very mort duration 
appeared on the ASV indication 
unit. On turning around and fly- 
ing pest the fjord again the 
same-indication was noticed. The 
pilot was instructed to turn in- 
land and fly up the fjord. 

There, out of sight from the gea, 
lay the Altmark. Immediately the 


tact visually. 


Royal Navy was notified. After 
the Altmark incident, aviation 
radio-location was accepted as 
a proven weapon of great worth 
and it is widely used in the 
RAF today. However even a 
greater indication of its use 
was the application of Radar 

to night fighting. 


19. If a pilot ona clear 
day is informed by radio from 
the Radar station in his area 
of the presence of enemy planes 
at a certain point, he can pro - 
ceed to that plece and make con- 
But if it is at 
night or in fogzy or unclear 
weather (such as is encountered 
often in Englend) the pilot can 
only trust to luck even though 
directed to within several miles 
by the ground station. Soa 
syetem was evolved whereby the 
ground station directed the pilot 
to within a certain range, after 
which ea Radar device in his own 
Dlane put him right on the eneny 
plancs. Thus, the English were 
able to counter the night bomb- 
ing which the Germans turned to 
after being defeated at day bomb- 
ing. Of courege the development 
of this interception or ATI equipe 
ment required thst some means of 
swift identification of the plane 
as friend or foe, called I.F.F. 


ll. As the ver has progres- 
sed, so has the development of 
radio-location. The success of 
the Bismark in sinking the Hood 
is attributed by most experts to 
the use of radio-location for | 
range finding. And official 
reports of the British Admiralty 
admit that if their radio-lo- 
cation range finder had been re- 
lied on rather than the optical 
system the outcome would have 
been much different. The un- 
heeded warning of Sgt. Lockhard 
at Pearl Herbor was based on 
indications received on Radar 
equipment. The reports on 
Japanese activity in the Far East 
are rich with accounts of the 
reliance on rsadio-location, 
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Mention of this is most notable 
in the accounts in Life of May 
ll, 1942 on pages 10 to 14, by 
Cecil Brown. 


12. On the English front 
the achievements of radio-loca- 
tion have been many. In nmaster- 
ing the German Luftwaffe so that 
the raids over. England have been 
cut to a’ few nuisance raids the 
RAF attributes much of its suce 
cess to the "smeller" as it was 
affectionately called by Winston 
Churchill. ‘This is the AI men- 
tioned eerlier. The latest issue 
of Janes Aircraft of the World 
also acknowledges the increasing 
role played by radio-location in 
combating the Nazi raiders. 

The development of new types of 
anti-aircraft using radio-loca- 
tion devices for training the 
guns also is contributing to the 
wariness of the Luftwaffe over 
England, However, good must be 
taken with the bad am since the 
Germans have had long. experience 
at war it would seem natural to 
find them making use of the 
principles. Commando raids have 
been carried out for the sole 
purpose of destroying .German 
radio-locator stations. . the 
raid at Dieppe will be recalled, 
which really was a practice for 
the gigantic task of inveding 
Europe. One of the primary 
tasks of that raid was the de- 
molition of Nazi radio-location 
stations used to detect conveys 
in the Channel, 


15. To date reports from 
the Pacific-Far Eastern war area 
indicate a great use of Radar 
end en equally .great gain from 
its use. The reports of Patrol 
squadrons of all types indicate 
a wide use of Radar am 8s core 
respondingly grest gain from its 
use. Also, the shipboard equip- 
ments have given good accounts 
of themselves. One particular 
section where Radar has Iincreas- 
ed the effectiveness of opera- 
tions is the Alasken srea,. It 
has been reported that Rader, 
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used for location and navigation, 
has increased the effectiveness 
of aerisl operation in this area 
by 75%. Since the weather is 
very foggy and stormy it can be 
seen thet many days would be un- 
fit for flying. However, with 
Radar on the plane, used both 
for location and navigetion, 
flying is possible approximately 
95% of the time. It is interest- 
ing to note some of the ranges 
obtained with ASE installations 
in the Alaskan sector. The 
following results are commons 
Destroyers and like sized ships, 
18 to 25 miles; aircraft snd 
larger ships such as transports, 
oO miles; aircreft carriers, 

50 miles; mountains, 90 miles. 
Since many mountains are on is- 
lands and rise out of the sea 
abruptly to heights of. around 
7500 feet or more, neavigat ion 
without Radar in any but clear 
weather woul: be impossible. 


14. In the battle of Midway 
a large Jap task force was 
approaching the Bland presun- 
ably to attempt occupation. 
the island at that time were 
severel squedrons of land based. 
bombers. Also in the vicinity 
was the carrier Yorktown. With- 
out Redar a continuous patrol 
depending on visible detection 
would have been necessary. With 
Radar the enemy was detected 
some 100 miles away and his course 
plotted. After allowing the Japs 
to close in (thus saving fuel) 
the cerrier planes and the lend- 
based bombers were sent to. the 
attack. ° Directed by the lserge 
Reder stations on the carrier and 
on Midway our pilots knew: just 
where to go. Thus a much weaker 
force in numbers. was sable to dis- 
perse and defeat the superior 
Jep Force. 


At 


15. Evidently the Japanese 
have radio-location gear as is 
evidenced by such antennas on 
their ships but either do not 
have good equipment or do not 
use it properly. U.S. submarines 
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fitted with special receivers to 
pick up the eignals from radio- 
location transmittere have scout- 
ed the coast of Japan without 
success. in the battle against 
the submarine it is apparent 

that Radar is the best weapon 
available. <A patrol plane can go 
out at night and very quickly 
spot a sub which in day time 
would remain submerged. 


16. Today Radar is playing 
e great role in the conduct of 
the war, especially against the 
submarine. First mention of the 
use of redio-location on Flying 
Fortreasses and other large planes 
was made in several issues of 
Fortune in early 1942. And the 
Germans are making use of the 
principle in development of anti- 


alroraft to combat United 
Nations bombers. Their well- 
known Flakturm or anti-air- 
creft tower makes use of a 
radio-location-predictor to 
determine the range of attack- 
ing planes. The English are 
also using the same principle 
and attaining success with it. 
Latest indications are that 
tanks will be fitted with the 
Radar system to make them more 
effective. us 1t can be seen 
that probably all.of the great 
powers are using the principle 
of radio-location in some manner 
and that its success in helping 
win the war depends on our de~- 
velopment of better equipment 
and the keeping of its secrets 
of operation from the enemy so 
that he cannot develop a counter- 
weapon to our Radar. 
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CHAPT#R IT 


Power Supplies 


l. Neceeecity for Various 

pipes of Fower Supplies: In 

adar, ere are numerous appli- 
cations of various types of pow- 
er supplies, since there sre dif-. 
ferent power requirements through— 
out the equipment, such ae light 
welgeht, high efficiency, good reg-— 
ulation, etc. It is doubtful that 
any one power supply could meet 
ell these requirements, therefore 
several typee are used in eéch 
Radar equipment. For example one 
requirement may call for an out- 
put in the order of 4 15,000 volts, 
with voltage regulation being of 
small consideration; while an—- 
other supply may be required with 
an output of -1300 volts, with 
much regard toward excellent volt-— 
age regulstion. It can be seen, 
therefore, that different supplies 
are needed to meet different re- 
quiremente and must be designed 
accordingly. 


2. Size and Weight Re- 
quirements; Two of the prime 
coneliderations in the design of 
equipment for use in aircraft are 
size and weight. Space and weight 
carrying ability are both necesse- 
rily limited in the sirplane, and 
they must be utilized to the best 
advantage. As is well known, the 
power supply contributes a large 
part of the weight of any but the 
small AC/DC receivers. This 
weight must be reduced to a min- 
imum in aircraft Rader equipment. 
The basic design formula for pow- | 
er transformers is 


E = 4,44 BANT x 1075 


voltage 

area of core 
flux density 
number of turns 
cycles per second 


where 


E 
A 
B 
N 
f 


tu 8 BP a 


- negative charge, wil 


The weight of the core, and its 
size, depende on 'A'. The 
weight of the copper windings 
is dependent on "N*. If these 
two factors can be reduced, the 
size will be reduced. 


3. Since the product of 
the terms B, A, N, and f is mul- 
tiplied by a constant tc give 
voltage, any of these four fac-— 
tors may be reduced if another 
is increased to make the product 
the same. Both 'N' and ‘A! 
should be made as small as pos— 
sible. ‘'B' is determined by 
the type of iron used, and can 
not be changed at will. How- 
ever, ‘f', the remaining factor, 
can be easily increased. Most 
of the aviation Radar equipment 
has been designed to operate at 
supply frequencies of about 800 
cycles per second. With this 
high supply frequency, not only 
can the size and weight of the 
transformers be reduced, but 
drastic reductions in the size 
and bet a of filters may be 
effected. 


RECTIFIERS 


4, The first thing re- 
quired in a system to change AC 
to usable DC is a rectifier. A 
rectifier is a device which will 
allow current to flow through it 
in only one direction. Recti- 
fiers used in Radar usually take 
the form of high-vacuum diodes. 


5. When the cathode of a 
tube is heated, electrons are 
driven out of it and into, the 
surrounding space. If the 
plate is made positive with re- 
spect to the cathode, these 
electrons, since they bear a 
be attrac- 
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ted to-this plate. The flow of 
electrons from cathode to plate 
constitutes a flow of current. 
Now, if the plate is made neg- 
ative, the negatively charged 
electrons will be repelled, and 
no current will flow. 


6. Half Wave Rectifiers: 
Figure 1 shows the effect of 
applying an alternating voltage 
to this simple diode. At ‘A’ 
there is no difference of poten- 
tial in the circuit, so there is 
no current flow. At ‘B‘ the 
plate has become positive with 
respect to the cathode. This 
means that current is flowing 
through the circuit, producing a 
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Fig. 2-1: Half wave Rectifier. 
voltage drop across the load re- 
sistance. The current (electrons) 
flows through the circuit in the 
direction of the arrows, through 
the tube from cathode to plate, 
and the polarity of the voltage 
drop across the load is such that 
ae eathode termination is posi- 
tive. 


7. At point 'C* the volt-— 


ae 


age has passed through its pos- 
itive maximum, back through zero , 
to a negative value. With the 
plate now negative with respect 
to the cathode no current can 
flow through the tube. Since 
the tube is in series with the 
transformer and the load, no 
current can flow through the 
load, and there will be no volt- 
age drop across the load. So far 
as output voltage and current are 
concerned, everything below the 
zero line can be disregarded. 


8. The current now flows 
through the load in only one di- 
rection, and only when the input 
voltagé is on the positive half 
of its cycle. Since current 
flows half of the time the aver- 
age current will be a fraction 
of the peak current which the 
tube must pass. 


9. Defects of Half Wave 
Rectifier: In studying the sine 
wave it is found that the peak 


voltage, or current, is 47, or 


1,57, times the average voltage 
or current. But this is for 
only the one half cycle. If 
the tube is to supply enough 
current during conduction to 
make up for the non-conduction 
period, the peak current during 
conduction must be twice this, 
er times the average current. 


10. In circuits requiring 
appreciable current, the half 
wave rectifier has another ser- 
jous defect. Current through 
the secondary of’ the transformer 
is in one direction only. This 
causes DC saturation of the core 
due to residual magnetism, and 
greatly reduces the efficiency 
of the transformer. For high 
voltage, extremely low current 
applications such as cathode 
ray tube supply, or where heav# 
currents are drawn far short 
intervals of time, as in the 
pulsing oscille tor, the half wave 
rectifier is frequently used. 

If the continuous load cur- 
rent becomes more than a few 


CONFIDENTIAL 


milliamperes, it is desirable to 
use some other circuit. 


11. Full Wave Rectifier: 
Most objections to e half wave 
rectifier center around the fact 
that it uses only one half of 
the input cycle. These objections 
can be removed by finding some 
way to use both halves of the 
cycle. 





(B) 


(A) 


Fig. 2-2 ° 


12. If another winding, 
identical with the first, with 
its associated rectifier and load, 
is added as shown in Figure 2(A), 
and connected properly, it will 
be found that the plate of V, will 
be positive when the plate of V2 
is negative, and vice versa. 


13. Now one tube is recti- 
fying one half of the cycle, and 
‘the other tube is rectifying 
the other half cycle. Both cure 
rents flow through their loads in 
the same direction. The two loads 
may be combined into one, and the 
resulting load voltage will ap- 
pear as the solid curve of Figure 
2(B). Thus is developed the 
center-tap full wave rectifier. 


14. In order to get full 

wave rectification by this means 

it was necessary to use twice as 
Many turns on the transformer as 
was necessary for the same volt- 
age with half wave rectification. 
This means extra size, weight and 
cost. At comparatively low volt- ‘ 


h 


‘ages, such as used for receiver 
power supplies, this extra wind- 
ing is not particularly object- 
lonable, and the advantages of 
the system outweigh its disad- 
vantages. At high voltages, 
however, where the winding re- 
quires several thousand turns 
of wire, it is desirable to use 
some system which does not re- 
quire the large number of turns 
of wire. 





(C) 


Full Wave Rectifier. 


15. Bridge Rectifier: 
One.“such system is the bridge 


rectifier shown in Figure 3. 





Fig. 2-3 Bridge Rectifier. 
Starting at the moment when the 
right hand end of the trans- 
former is positive, the current 
flow will be as follows: Cur- 
rent will flow down through V2 
up through the load, and back 
the positive end of the trans- 
former through V3. On the next 


half-cycle the right hand end of 
the secondary is negative. Cur- 
rent will now flow down through 
V4, up through the load, and back 
to the positive end of the trans- 
former through V}. On both half 
cycles the current flows through 
the load in the same direction, 
so full wave rectification is ob- 
tained. 


16. Copper Oxide Rectifier: 
The contact rectifier, commonly 
known as the copper oxide recti- 
fier, is a low voltage rectifier 
which is ordinarily used in a 
bridge circuit for full wave rec- 
tification. In this general class 
are the copper oxide rectifier, 
and the selenium rectifier. These 
rectifiers are used where a high 
current and comparatively low volt- 
age are required. The circuit is 
Shown in Figure 4. In the case of 
the copper oxide rectifier it is 
found that electrons will travel 
from the copper to the oxide films 
about a thousand times more easily 
than from the oxide to the copper. 


Fig. 2-4: Copper Oxide rectifier 


Thus, though there will be sone 
current in the reverse direction 

it will be so small in comparison 
to the current which passes through 
the rectifier in the forward dir- 
ection that it may be neglected. 


17. Voltage Doubler; ivhen 
requirements call for a very high 


voltage at low current the volt- 


age doubler is usually en- 
ployed. A voltage is obtained, 
uSing a given transformer, 
which is twice the value obe- 
tained by half wave rectifica- 
tion and four times the value 
obtained by center tap full 
wave rectification... 


18. Figure 5 is a diagram 
of a full wave voltage doubler 
rectifier. This circuit is very 
widely used when it is necessary 
to supply several thousand volts 
at low current. The action of 
the circuit is as follows: 





Fig. 2-5: Voltage Doubler. 
When the upper end of the trans- 
former is positive, electrons 
will be drawn away from the up- 
per plate of condenser ‘A', 
through V) and the transformer, 
and piled up on the lower plate 
of condenser ‘A’. Since the RC 
time of this charge path is 
short, the condenser will be 
charged to the peak voltage of 
the transformer. 


iy. During the next half 
cycle the lower end of the trans- 
former is positive. Electrons 
will now be drawn from the up- 
per plate of condenser '‘B’, 
through V5 and the transformer, 
and will ¢ piled up on the low- 
er plate of condenser. :‘B",. 
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s action will cua.ge condenser 
‘B' to the peak transformer volt- 
age. The two condensers, each 
charged to the peak transformer 
voltage, are connected in series 
across the.load. If the conden- 
sers are large compared to the 
load, so that their discharge be- 
tween cycles is small, the ont- 
put voltage will approximate 
twice the peak transformer volt- 
age. Since at least half of the 
output current is being supplied 
by a condenser at all times, the 
voltage regulation of a voltage 
doubler is inherently poor. 


20. The higher the capacity 
of the doubler condensers, the 
better the regulation will be, 
but besides the difficulty of 
making high capacity, ‘high volt- 
age condensers, there is the ad- 
ditional trouble in that the 
high capacity condensers will 
make the tube's peak plate cur- 
rent extremely high. 
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al. High Srequene. Fower 
SURRAL! Figure liustrates an 
nteresting way of obtaining et 
tremely high voltage-low current 


supply for cathode ray tube power 
-10¢ 
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supply. V) operates as an or- 
Ginary radio frequency oscilla- 
tor, working at a high frequency. 
The xF output is fed to a Tesla 
coil which steps it up to a very 
high voltage. The output of the 
Tesla coil is rectified by an 
ordinary half wave rectifier, 
(Vo), filtered, and used to sup- 
ply the intensifier anode volt- 
age to the cathode ray tube. 


CRO POWER SUPPLIES 
22. Hach of the rectifiers 


mentioned has its particular 


field, to which it is well ad- 
apted. In other applications 
it may be useless... Frequently, 
and especially in work with 
cathode ray tubes, it is found 
that there is more than one 
field of service represented in 
One piece of apparatus. A com- 
bination of rectifiers, each 
suited to its particular task, 
may be used to fill this need. 


— 
ae 
+6000 v. 


Vutput 


High Frequency Power Supply. 


4A typical power suppl, for cath- 
ode ray oscilloscopes is shown 
in Figure 7. 


23. Sweep circuits and an- 


plifiers in the oscilloscope re- 
quire a medium voltage and a re- 
latively high current. The cen- 
ter-tap full wave rectifier can 
easily supply this need. How- 
ever, the cathode ray tube re- 
quires a high voltage at a very 
low current. Here the full wave 
rectifier would be wasteful, but 
the half wave rectifier ia ideal. 
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Fig.2-7: 


The two are combined as shown. 
A center tapped winding is used 
for the full wave rectifier. 
Half of this winding, plue an 
additional high voltage winding, 
is used for the half wave rec- 
tifier. Since the deflection 
plates of the tube are returned 
to the oo positive second 
anode it is necessary, for pur- 
poses of safety, to put this 
voltage at ground potential. 

The cathode of the tube ia high- 
ly negative with respect to 


ground, while the anode is placed 


at ground potential, so the same 
difference of potential exists 


in the tube as would exist if the 


cathode were placed at ground po- 


tential and the anode operated at 


a positive potential. 
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POWER SUPPLY FILTERS 


2h. The voltage obtained 

from the various rectifiers, 
although it is DC because it 
flows in only one direction, is 
far from the pure DC needed for 
plate supply. It may be thought 
of as Girect current with a high 
value of alternating current. 


Low Voltage 


| | -Low Voltage 
= +High Voltage 


High Voltage 


Hi 


A typical CRO Power Supply. 


superimposed as ripple. This 
ripple has a fundamental freq- 
uency equal to the supply fre- 
quency in the case of half wave 
rectifiers, and twice the sup- 
ply frequency in the case of 
full wave rectifiers. Since 
pure DC is desired, at the out- 
put of the power supply, the 
ripple must be moved. 


25. If the output our- 
rent is low, a single conden- 
ser will do a fairly good job 
of filtering. When current is 
flowing through a diode, the 
diode acts exactly like a low 
value of resistance. Thus 
when the upper end of the trans- 
former (Figure 8) is positive 
with respect to its cathode, 


olla 
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current flows through the cir- again become more positive than 
cuit, charging the condenser to the cathode. The voltage appear- 
the peak transformer voltage ing across the load for several 
through a short RC. The ypper different values of R is shown 
plate is connected directly to in Figure 8 (B). It can be seen 
the cathode of the rectifier. that for a given capacity, as 

The condenser is charged so the load is increased by decreas- 
that the upper plate is positive. ing the effective resistance, 
Now when the transformer voltage the ripple voltage becomes high- 
starts to decrease, removing the er and the effective voltage be- 


«_«< 


charging voltage, the condenser 
tends to discharge. It cannot 
discharge through the tube, since 
electrons cannot flow from plate 
to cathode. The only discharge 
path is the relatively lmg RC 
path provided by the load resist- 
ance. 






1O mfd. 
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(B) Output for Different Values 
of R. 


Fig. 2-4: Filtering Effect of a 
Single Condenser. 


comes lower. 


27. The filtering effect 
can be increased by inserting a 
resistor in the charging path of 
the condenser. The effect is 
shown in Figure 9. Both charge 
and discharge now take place 
through long RC paths. Since 
the DC value is dropped, as well 
as the AC, the condenser-resis- 
tor filter is practicable only 
when the load current is low. 
Otherwise there is an excessive- 
ly high DC voltage drop across 
the filter resistor. 


Fig. 2-9: Output of a Condenser- 
Resistance Filter. 


28. L-C Filter: An in- 


20. Since the condenser can- ductance has the property of op- 


not discharge rapidly, and its 
positive plate is connected to 
the cathode of the diode, as soon 
as the transformer voltage starts 
‘down, decreasing the plate volt- 
age, the cathode becomes positive 
with respect to the plate. There 
will be no further current flow 
through the tube until the trans- 
former voltage has passed through 
its negative maximum and has 


posing any change in the amount 
of current flowing through it. 
Any attempt to increase or de- 
crease the current is met by a 
counter voltage set up within 
the inductance. If the load on 
@ power supply is constant, any 
change in the voltage across it 
must result from a change in cur- 
rent through it. If the current 
is held constant, the voltage 


-l22 





will be constant. Therefore a 
choke may be used to smooth the 
output of a power supply. By us- 
ing a combination of series 
chokes and parallel condensers, 
as shown in Figure 10, the ripple 
voltage may be decreased to a 
very low value. 


29. Considering only the AC 
ripple voltage, it may be ssid 
that the inductance provides a 
very high impedance, while the 
condenser provides a very low im- 
pedance. The combination may be 
considered ss a voltage divider. 
Naturally, most of the ripple 
voltage appesrs across the high 
impedance. A two section filter 
would appear as shown in Figure 
10(B). The impedance of the 
series section of the filter may 
be increased by tuning the choke 
So perallel resonance. This means 
Lt 4s impossible to get much higher 
Impedance with the same choke, or 
the same impedance with a much 
smaller choke. It is slso 
possible to decrease the shunt 





(A) 





Fig. 2-103: Low Pass Filter 
impedance by tuning the condensers 
to series resonance. Two types of 
Resonant filters sre shown in Fig- 
ure ll. They are rarely used 

since their tuning depends on the 
load current, and excellent filters 
which stay good over wide ranges of 
load current can easily be made by 
using larger components. At volt- 
ages for which electrolytic con- 
Gensers are not available or too 
bulky, the resonant filter may be 
used to obtain the maximum filter- 
ing from low capacity paper con- 
densers. 
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Pig-2-lls Resonant Pilters,. 


VOLTAGE REGULATORS 

° 6 sanetimes nec- 
essary that constant voltage be 
applied to a circuit. When this 
is the case some type of voltage 
regulator is used. 


Sl. Gas Tube Voltage Regu- 
lator: The circult employing a 
gaseous diode represents the 
simplest type of voltage regu- 
lator and is shown in Pigure 12, 
The series resistor is a part of 
the cirouit and must be used. 


Input Output 
Pig. 2-12: Simple Voltage Regu- 
lator. 


S2. If a voltage is applied 
across the circuit, starting at a 
low value ami gredually increas- 
ing, it will be found that the 
voltage scroas the gasdiode ine 
creases until a certain voltage 
is reached at which the gas 
ionises. If a mater were placed 
in series with the tube it would 
be found that no current wuld 
flow through the tube until the 
critical voltage is reached. 


5S. As the degree of ionisza- 
tion of the gas within the tube as 
a function of the voltage across 
the tube, it follows 
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that any slight rise in voltage 
would increase the ionization, 
thus decreasing the resistance 
of the tube. The increase in 
current flow is proportional to 
the decrease in resistance, 
therefore the voltage across the 
tube will remain constant. How- 
ever, the series resistance is 
fixed in value and the increased 
current through it will produce 
a greater IR drop. Therefore, 
any voltage variations occuring 


in the circuit will appear across 


the series resistance and not 
across the gas tube. 


34. The VR150-30, VR105-30, 
and VR75=-30 are gaseous tubes 
often used in voltage regulator 
circuits. The voltage drop 
across these tubes is constant 
over a moderately wide current 
range. The first number in the 
tube designation indicates the 
terminal voltage, the second 


number indicates the maximum per- 


missible current in milliamperes 
which may be passed by the tube. 
In the case of the above named 
tubes, the voltage required to 
start the tube is normally about 
30% greater than the operating 
voltage. In order to maintain 
stable operation, a minimum cur- 
rent of 5 to 10 milliamperes is 


required to flow through the tube. 


Since the maximum current should 
not exceed 30 milliamperes, it 
may be seen that the load cur- 
rent should not exceed 20 to 25 
milliamperes if the voltage is 
to be stabilized over a range 
from zero to maximum load cur- 
rent. 


35. The value of resistor. 
R in Figure 12 must lie between 
that which jusvu permits minimum 
tube current to flow and that 
which just passes the maximum 
permissible tube current when 
the load is drawing no current. 
The latter value is the most 
desirable and may be found 
by 


1000 (E - V 


R s 
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where R = limiting resistance 

R in ohms 

E = voltage of the sup- 
ply source 

V = rated voltage drop 
across the regula- 
tor tube 

I = maximum tube cur- 
rent in milliamperes. 


36. The voltage of the 
supply source must equal or ex- 
ceed the starting voltage of the 
tube. The difference between 
the supply source and the tube 
drop will appear across resistor 
R. Since the voltage of the 
tube remains constant, the dif- 
ference between the voltage of 
the source and the working volte 
age of the tube will appear 
across the resistor. 


37. Electronic Vol e 
ae, Electronic voltage 
re on is usually used 
where high voltages are encount- 
ered, or where ¢c high load cur- 
rent is to be used. This type 
of regulator may take several 
different forms. High vacuum 
tubes are usually used in these 
circuits and they allow the out- 
put voltage to be varied at will 
over a very wide range. One 
form of electronic regulator is 
shown in Figure 13. A resistor 
R, is used in this circuit as a 
current limiting device, and is 
connected in series with the 
tube. Ro is a bleeder resistor 





Fig. 2-13: 
Regulator. 


Simple Hard Tube 


connected across the output, and 

a variable bias for the tube is ob- 
tained from a tap on this resistor. 
The battery supplies a fixed bias 
to keep the tube operating over the 
proper part of its eg-1, curve. 

38. When the plate current 
of the tube increases, the IR drop 
across R, increases, and the out- 
put voltage drops. Since the out- 
put voltage will be equal to the. 
supply voltage minus the voltage 
drop across R, the increased drop 
will result in a lower output volt- 
age. However, this decrease in 
output voltage will make the grid 
of the tube less positive, caus- 
ing the plate current to decrease, 
which produces an IR drop across 
R;) which will oppose the drop in 
output voltage. Likewise if the 
load current increases the out- 
put voltage will drop due to the 
greater IR drop across RR}. Asa 
result, the grid of the tube will 
become less positive, or more neg- 
ative, which will cuuse the plate 
current to decrease. This will 
cauee the output voltage to be in- 
creased due to the smaller volt- 
age drop now present across Rj. 

The effect of the circuit is £6 
keep the output voltage more near- 
ly constant. 


59. Voltage Stabilizer: A 
variation of Figure 12, useful in 
removing slight transient varia- 
tions, is shown in Figure 14. 

This circuit is a voltage stabil- 
izer, but not strictly a regulator. 
Slow variations in voltage will 
not be affected. In Radar work 
the tube is frequently referred 
to as the *t anti-jitter'' tube. 

A resistor is again inserted in 
series with a vacuum tube and 
aids in limiting the current. 
However, in the circuit shown in 
Figure 14, the grid of the tube 

is connected to the input circuit, 
through a condenser. If ripple 
is present in the input circuit, 
the tube will remove it so far as 
the output is concerned. 





40. If the ripple voltage 
should move in the negative dir- 
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ection, the grid of the tube 
will move in the negative dir- 
ection, causing the plate cur- 
rent of the tube to decrease. 
This will cause a smaller voltage 
drop to be present across Rj, 
and result in an increase in 
the output voltage. If the 
circuit constants are properly 
proportioned, it is possible to 
make the amplification of the 
stage equal to one, or unity. 
This will be true when the value 
of the plate load resistance Ri 
is made equal to 1/G. of the 
tube. When the circlit has an 
amplification of 1, the voltage 
change at the plate will be 
equal and opposite to the volt- 
age change in the grid circuit. 
From this it may be seen that 
if a ripple is present, it will 
be fed to the grid, and the 
plate will produce a voltage 
variation equal in amplitude 
and opposite in polarity, so 
that the ripple will be effect- 
ively neutralized. Since the 
effect of the cathode biasing 
resistor is degenerative, the 
value of the plate resistor 
must be increased to compensate 
for the lower effective Ga 


ae Rj) 





Fig. 2-14: Voltage Stabilizer 


Circuit. 
41. Improved Voltage Reg- 
ulator: Electronic voltage — 


regulators which will cover a 
much wider range of current and 
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voltage than the one shown in 45. The circuit will also 
Pigure 15, and which will give keep the losd voltage constant 
even better regulation of the in spite of changes in load ree 
output. voltage, may be made if sistance. A lower resistance 
the single tube is replaced by will mean an increase in load 
several stages of amplifica- current, and therefore a lower 
tion. One such circuit which voltage across the voltage di- 
is widely used is shown in Fig- vider. This will result in a 
ure 15. This circuit is essen- decreased voltage on the grid 
tially a two stage inverse-feed- of Vo, or the grid will be made 
back amplifier. more negative than before with 


respect to its cathode which ia 
being held at a constant poten- 
tial by Vz. The increased bias 
on Ve will result in a decreas- 
ed current flow through the 
plate load resistor Roe. This 
means less voltage drop across 
Ro, and therefore less bias on 
¥e: More current is allowed to 
flow through Vs, keeping the IR 
drop across the load constant. 
The output voltage may be varied 
at will by varying the grid tap 
on the voltage divider, but once 
the tap is fixed no reasonable 
change in the input voltage or 
load current will change the 
output voltage. 





Pig.2-15: Common Electronic 44. Amperite or Ballast 
Regulator. Tube Regulator: gnetic de- 


vices, such as the focusing or 


42. increase in the deflecting coils of oscillo- 
voltage to t input of the ocir- scopes, sometimes required that 
cuit will increase the voltage the current through them be sta- 
at the grid of Vo. Vj, & gas- bilized against changes in ter- 
eous regulator tube, supplies minal voltage or changes in cur- 
a constant reference bias by rent due to the increased resis- 
keeping the cathode a definite tance as the coils warm up. 
voltage above ground. The in- 
crease in the voltage at the 45. The ballast tube, or 
grid of Vo increases the cur- "“amperite", is the simplest cur- 
rent through the tube, thus in- rent regulator. This type of 
creasing the voltage drop across regulator consists of an iron 
the plate load resistor Ro. wire enclosed in a hydrogen 
This increased voltage is ap- filled bulb. As the current 
plied as increased bias to tube through the wire increases, the 
Vs. Since Vs is in series with resistance of the wire will in- 
the load and must carry all the crease rapidly over its control 
icad current, the decreased tube range. This increase in resis- 
current, due to the increased tance is due to the temperature 
bias, means a decreased load coefficient of the wire. In 
current and a lower load voltsge. order to get good performance 
Actually, since the inoreased the wire is operated at a dull 
bias was due to an increased red heat. If the current is 
plate voltage, the tube current allowed to go too high, the wire 
remains constant, and thus the will burn out. If it is allow- 
load voltage is kept constant. ed to go too low, the resistance 
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change with current becomes too 
small to give effective control. 


‘Anperite'’ 


Input Output 


Fig. 2-16 > 
ulator. 


Ballast Tube Reg- 


Over its control range, any at- 
tempt to increase the current 
through the regulator results 
merely in an increased voltage 
drop across the wire. One cir- 
cuit, suitable for regulating 
the polarizing current to the 
deflection coils of a cathode 
ray tube, is showfinin Figure 16. 


46. Pentode Regulator: 
Where a relatively low current, 
which may be set to any desired 
value and held constant, is de- 
sired the constant. current char- 
acteristic of the pentode tube 
may be utilized. <A typical cir- 
cuit is shown in Figure 17. The 
screen voltage, one of the de- 
termining factors controlling 
the plate current of a pentode, 
is held constant by means of a 
gaseous regulator tube. The 
control grid voltage, the other 
current controlling factor, may 
be adjusted by means of the 
rheostat in the cathode of the 
pentode. The degenerative ef- 
fect of the cathode resistance 
increases the stabilizing ef- 
fect by increasing the. bias on 
the tube as the current tries 
to increase. 


47. In any Radar equip- 


ment there are always several 
types of rectifiers and reg- 
ulators employed, such as have. 
been discussed in this chapter. 
In Figure 18, the power require- 
ment for a typical Radar unit, 
including transmitter, receiver, 
and indicator, are listed which 
might apply to the systems used 
in any of several microwave 
equipments. It, therefore, does 
not represent any specific case, 
but serves as a general outline 
of the power needs in Radar. 





Fig. 2-17: Pentode Regulator 
48. It will be seen that 
separate power supplies are used 
for different types of loads. 
To attempt to use only one sup- 
ply for all needs would create 
a multitude of problems, such as 
reducing the voltage for re- 
ceiver and indicator plate po- 
tentials, maintenance of good 
regulation where the transmit- 
ter current drain is not con- 
stant, and the necessity of 
high negative voltages as well 
as positive voltage. 
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POWER SUPPLY JNITS APPLICATIONS __ 
: _ 
| : Filement (6.3 VeAC 
. Transformer ‘Voltages 125 amps. 
| | a 
ruitewave | TYeitage | Piiadiestor '200 aa: 


Regulate ‘plate voltage ; 
: Voltage ‘Transmitter $15, 000% 
Doubler ‘plate voltage .10 ma. 


: High Freq. ‘Indicator ' 46,000 1 
Power Supply ‘CRT voltage ‘l ma. 


pe). | 3 
Half-wave Monitor ;@1,300 v 
Rectifier -CRT voltage -2 ma. 


Gas tube ‘Lo. Osc. ; =700 Ve 
Voltage ‘repeller ,O ma. 
Regulato ‘voltage 


‘Relays ‘2h Ve 
‘Blower motors . 
‘Antenna con- 

‘trol motors 






Fig. 2-18: Power Requirements for a Typical 
Microwave Equipment. 
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CHAPTER III 


RC and L/R Transients 


l. The currents and volt-— 
ages in an electric circuit are 
said to be in a transient state 
in the interval between a change 
in emf or impedance condition in 
the circuit and the establishment 
of a steady state. During this 
interval the currents and volt- 
ages change in value at an ex- 
ponential rate. 


2. In the past, the ideas 
of inductive reactance and capac- 
itive reactance have been saffic~ 
lent for an understanding of cir- 
cults where coils, condeneers, and 
resistors were involved. Vector 
diagrams could be used then to 
find the current and voltage in 
a circuit and the phase relation- 
ship between them. It ie very. 
important to remember, however, 
that the term "reactance" as or- 
Ginarilly construed has meaning 
Only when a sine wave Of a de- 
finite frequency is being ap- 
plied to a circuit. Suppose, 
for example, that a square wave 
of voltage is being applied to 
a condenser and resistor in 
series. It is rio longer possibee 
to say that the condenser has a 
certain reactance to this applied 
voltage. The problem must be 
approached from a different angle. 
It becomes necessary to consider 
the happenings from one instant 
to the next and for this reason 
an understanding of the behavior 
of coils, condensers, and resis 
tors is of paramount importance. 
A review of the meaning of the 
words “voltace", "current", and 
"resistance" at this point will 
aid in understanding these be- 
haviors. 


Voltage is an 


3. Voltage: 
electrical pressure, force, or 
etress, acting in an electrical 


circuit just as a mechanical 
force acts in any mechanical de- 
vice. Remember that forces can 
exist without any motion taking 
place. If one pushes against a 
wall, he is exerting a force, 
but no motion is taking place. 
Likewise, there is an electrical 
force (measured in volts) be- 
tween the two terminals of ar 
battery, but no motion of elec- 
trons will take place unless a 
path for their flow is provided. 


4, Current: If a path is 
provided, perhaps by placing 
a resistor across the terminals 
of a battery, current will flow. 
The term “current" deals with the 
motion of electrons. It is 
@& measure oO e rate of eleo 
tron, flow. One coulomb (6.24 
x 10°° electrons) flowing past. 
a point in a circuit per second 
constitutes a current of one 
ampere. One of the most import- 
ant facts about current is that 
electrons flow as if they con- 
etituted an incompressible fluid. 
In other words, at any given 
instant the current is the same 
in all parts of a series circuit. 


5. Resistance: Resistance 
is electrical friction. 
is the property of a conductor 
which: linits theampunt of cur-— 
rent flow a given voltage will 
produce. All conductors possess 
some resistance, but when a de— 
vice is made sspecially with the 
idea of limiting current rlow, 
it is called a resistor. A re- 
sistance of one ohm will allow: 
a current of one ampere to flow 
through it when a preesure of 
one volt is applied (I = E/R). 


6. Kirchoff's Second Law: 
Kirchoff's laws are a direc 
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result of the definitions just 
made. The second law, which 
states that the sum of the volt- 
age drops and electromotive for- 
ces (sources of pressure) in a 
Closed circuit is at any instant 
zero, is of the greater concern 
here. 





Kirchoff's Second Law. 


Fig. 3-1: 


7- In the circuit shown 
in Figure 1 the voltage drop 
across the two resistors must be 
equal to the voltage applied to 
them. The net emf (battery volt- 
age) is 50 volts. Therefore 
there will be 350 volts across 
the 300 ohm resistor and 20 volts 
across the 200 ohm resistor. 


&. Very often when a volt- 
age is mentioned, the phrase 
“with respect to ground” is 
understood. If the negative 
terminal of the 100 volt battery 
4s considered to be a ground 
potential (Figure 1, point E), 
then point A is at plus-20 volts, 
points B and C are at plus -50 . 
volte and point Dis at plus-100 
volte—--with respect to ground. 
It would have been as well to 
have considered point A to be at 
ground potential. In that case 

oint E would have been a minus- 
O volts, points B and C at plus- 
30 volts and point D at plus-&0 
volts. Notice that since there 
4s assumed to be no voltage drop 
in connecting wires, points B 
and C must be at the same poten- 
tial. 

9. Capacity: 


Now examine 


the property of capacity to see 
how it affects a circuit. PFigure 
2 consists of a battery and two 
wires, A and B. 





Fig. 3~2: 


At the far end of the wires a 
voltmeter may be connected. As-— 
sume that this is a rather un- 
usual voltmeter in that it re 
quires no current for its opera- 
tion. With both wires connected 
to the negative terminal there 
will be zero voltage at the end 
of the wires, but if wire A is 
moved to the positive terminal of 
the battery, the voltmeter will 
show that there is now a poten- 
tial difference of 100 volts be- 
tween the two wires. Something 
has happened in the open-ended 
wires to produce this difference 
of voltage, Electrons have moved 
from wire A into wire B by way of 
the battery. If the wires were 
perfectly shielded from each 
other, no exchange of electrons 
would have been necessary to pro- 
duce the voltage difference; but, 
since the wires are lying close 
together and are not shielded, 
there will be a definite number of 
electrons exchanged. In fact, the 
more intimate the relation between 
the wires becomes, the more elec- 
trons wire A will have to give up 
to wire B by way of the battery in 
order to stay at plus-100 volta. 
Remember that there is no actual 
electrical gontact between then. 
The exact quantity of electrons 
depends on the electrostatic 
capacity between the wires. If it 
is necessary to move one coulomb 
of a electrons from one side of a 


Circuit Capacity. 
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device to the other to produce 
a potential difference of one 
volt, then the device has a ca- 
pacity of one farad. Q = CE 
where Q is the charge on either 
element, C is the capacity, and 
E is the potential difference 
between the elements. 


10. <Any two conductors se- 
parated from each other by an 
insulating material (dielectric ) 
form a condenser. The capacity 
of condensers used in radio work 
varies from a few micro-micro- 
farads to about 50 microfarads. 
The insulating material between 
the conductors in a condenser is 
called the dielectric. 


ll. If the 1 mfd. condenser 
in Figure 3 is placed across the 
100 volt battery, there will be 
a surge of electrons onto plate 
B which is tied to the negative 
terminal of the battery. The 
electrons piled up on this plate 
will exert a force, repelling 
electrons from plate A which 
move in the direction of the 
positive terminal of the battery. 
Thus there is a movement of elec- 
trons throughout the circuit and 
the condenser charges, but it is 
to be remembered that none of the 
electrons pass from plate B to 
plate A through the dielectric. 





Pig. 3-3: Charging Cyrrent in 
a Condenser. 


Whenever the elevtrons on plate 
B fail to exert sufficient force 
to mcve any more electrons off 

plate A, the condenser will have 
the greatest charge possible at 


the applied battery potential 
and the circuit will be effect- 
ively open. The charged condens- 
er may then be considered as a 
secom battery in the circuit 

at the same potential as the 
first and bucking it so that no 
current will flow in the ocir- 
cuit. The quantity of electrons 
lost or gained by either plat 
wil} equal Q = CE = 10-6 x 10¢ # 
107% coulombs (assume no initial 
charge on the condenser). This 
demonstrates the most important 


property of a condenser. Current 
must flow in the circuit in order 


to change the volta across a 
condenser. The number of elec- 
trons which must be exchanged 
depends directly upon the ca- 


pacity of the conmienser and upor 
the amount of voltage change. 


R.C. TRANSIENTS 


12. The manner in which a 
condenser charges through a resis- 
tance when a constant voltage is 
applied is very important in the 
study of Radar. The circuit 
in Figure 4 will be used for the 
purpose of illustration. With 
the switch open and no previous 
charge on the condenser C, there 
would be no voltage drop across 
the resistor R. Thus the open- 


circuit condition of the con- 
stants is defined. 


A Simple RC Circuit. 


Fig. 3-43 


Consider now that the switch is 
thrown to position 1. It has ‘been 


pointed out in paragraph 11 
above that the charge on 


the condenser builds up as 87, 


a@ result of the movement of 
electrons in the circuit. 
instantaneously there will be 
no charge on the condenser 

and likewise no voltage drop 
across it. The current at 

this time, however, is maxinun 
Since the initial surge of 
electrons is greatest. This 
current flowing through the re- 
sistance R produces a maximum 
IR drop which in this: case will 
equal the applied voltage, since 
R represents the only resistance 
in the circuit, and the initial 
current is determined only by 
this value (assuming © is fixed 
at 100 volts). In other words, 
the potential on both plates of 
the condenser is plus-1C0O volts, 
regardless of the size of the 
resistor, at the instant the 
switch is closed. 


13. As time progresses, the 
charge on the comenser increases 
exponentially from zero, thus 
rendering the applied voltage less 
effective in piling up electrons 
on plate B of the condenser. The 
current flow in the circuit, mean- 
while is decreasing exponentially, 
and the IR drop across the resist- 
or diminishes accardingly. Thus 
the interrelationship between the 
flow of current in the circuit, 
the charge on the condenser, and 
the IR drop across the résistor 
becomes apparent. 


14. <A study of the properties 
of an exponential curve is help- 
ful at this time. The curve in 
Figure 7 might represent any ex- 
ponential curve--they are all 
alike--but use it as the curve 
of condenser voltage in Figure 5, 
just for the purpose of illus- 
tration. In a certain length of 
time the voltage across the con- 
denser rises to 50% of the battery 
voltage (the effective voltage 
in this case). In the next equal 
interval the condenser voltage 
again rises by 50% of the effec- 
tive voltage (but now the effec- 
tive potential is only 50 volts). 











T) To T3 h 


Fig. 3-7: An Exponential Curve. 


In the third equal interval the 
condenser charge increases by 
50% of 25 volts, and soon. A 
little-thought will show that 
the portion of the curve be- 
tween 50 volts and 100 volts 

is just as complete an exponen- 
tial curve as the portion be- 
tween O and 100 volts. 


15. Time Constant: After 
a long time e charge on either 
plate of the condenser may be 
expressed as Q = CE,. Now C is 
a constant (for the case in 
question, it is 1 mfd.) There- 
fore, the charge may be consider- 
ed in terms of voltage as 


Q: &,, © constant. 


If e. represents the charge on 
the Sondenser at any instant of 
time, eventually e, = EH). How- 
ever, it will be rémembered that 
at zero time 

0 volts. 


So = 


It can be shown that any time "t", 
a -t/RC 
e, = & La = ) 


Where @ is the base of the natur- 
al logarithm, (2.718). Consid- 
ering the circuit constants pre- 
sent which determine the time 
required to charge the conden- 
ser (R in ohms and C in farads) 
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let t= R x C seconde. 
eubstituting e, = Ep(l ~e-RC/RC) 


or eg @ Bp(1 -€7+) 
now € ~2 may be written as lf 
or 1/2.718 = 


then e, = E,(1-1/2.718) 


therefore @€¢ 3 .632 Ep = 63.2% 
of Ep. . 


From this development it can be 
predicted that the charge on the 
condenser will reach 63.2% of 
the applied voltage, E,, in RC 
seconds, Likewise after RC 
seconds the IR drop across the 
resistor will have decreased 

to 36.6% of Ep. See Figure 5. 
Since R x © 43 the circuif in 
Figure 4 = 10° ohme x 10- 

farade = 1 second and E = 100 
volts, then in the time RC sec- 
onde the charge on the condenser 
will have risen from 0 volts to 
63.2 volte and the IR drop across 
the resistor will have fallen 
from 100 volts to 36.8 volts. 


16. The product R x C is 
called the time constant of the 
RC circuit and represents the 
time required to charge the con- 
denser if it continued charging 
at ite Initial rate; the current 
would droo to zero in the same 
times: Or, practically speaking, 
it representsithetine require 
to charge the condenser to 63.2% 
of the applied voltage. 


17. Although it is true that 
a condenser theoretically never 
will be charged to the full 
applied voltage, after a time 
equal to 10 RC seconde the dif-— 
ference between the condenser 
charge and the applied voltage 
is 80 an ta that. it generally 
le ignored; the condenser is 
said to be fully charged and 
the IR drop will be zero. At 
the time equal to .1RC seconds 
the charge on the condenser will 
be 10% of By, or 10 volts, and 


the drop across R will be 90% 
of Ep, or 90 volts. At 2.3R0 
seconds the charge on the con- 
denser will be 90% of Ep, or 90 
volts, and the drop across the 
resistor will be 10% of Ep, or 
10 volts. See Figure 5. 


18. Now if the switch in 
Figure 4.18 thrown to position 
2, the charged condenser will 
be placed directly across the 
resistor. Speaking in terms of 
voltage with respect to ground, 
at this instant the left hand 
plate of C is placed at ground 
potential; since the right hand 
plate potential is 100 volts be- 
Low that of the left, the right 
hend plate is at -100 volts with 
respect to ground. The charge 


leaks off the condenser in an 


exponential manner as would be 
expected, since the interrelat- 
ionship between current in the 
circuit, charge on the condenser, 
and drop across the resistor is 
recognized. The action is simi- 
lar to that which takes place on 
charge. 
19. After a long time 
@, = O volts. 


However, at the instant the 
switch was thrown to position 2, 


Ce = Ep. 
At any time, t 
Go = Ep (é -t/RC ). 


Coneider again the time t = RC 
seconds. 


Substituting, eg = Ey (é -RC/RC) 
Cc = Ey (é a 
which may be written: 

Co mS Ep (1/¢ )=.368 Ep 


Therefore in RC seconds 


or 


20. 


after the condenser has been 
placed across the resistor the 


- oh — 


aR 


charge on the condenser will be: 


86 = 36.8% of E, or 36.8 


volts, 


and this drop will appear across 
the resistor. Similarly in .1RC 
seconds the charge on the conden- 
ser will be 90% of E,, and in 
2.3RC seconds the charge on the 
condenser will be 10% of E,, see 


Figure 5. 


| 21. The product R x C again 
is considered to be the time con- 
stant of the RC circuit and re- 
presents the time required for 

the charge to reach Zero if it 
continued at the initial rate; 

Or practically speaking, it re- 
presents the time required to dis- 
charge the condenser to 36.8% 

of its original charge. Thus, on 
discharge, after RC seconds ég, 
@€p, and i will have dropped to 

30. 88 of their original values. 


22. By consulting the wave- 

forms in Figure 6, it can be 
seen that at any instant the volte 
age across the resistor added to 
the voltage across the condenser 
will be equal to the voltage 
across the RC combination. This 
simple fact is an application of 
Kirchoff's second law, which was 
discussed in paragraph 6. In 
this case the algebraic sum of 
the condenser voltage, e,, and 
the voltage across the resistor, 

» must always equal the input 

tage. The waveforms in Fige 
ure 6 show the possibilities of 
developing a useful signal 
across either the resistor or the 
condenser. Ina later section of 
this chapter, the uses to which 
such signals can be put and the 
means by which they are obtained 
will be discussed further. 


23. lications of RC Cir- 
cuits: One oO e most importan 
uses of the RC circuit is as a 
coupling device. For example, 


it igs often desired to pass changes 


of plate voltage in one tube on 


to the grid of the next tube with- 


out placing the grid at the same 
operating potential as the pre-e 
ceding plate. The coupling 
arrangement shown in Figure &§ is 
used wery often for this purpose. 
With this circuit, variations in 
plate voltage of V; affect the 
1d of Vo, but such variation 
akes place about the voltage at 
the bottom of R (R being isolated 
from B-plus by condenser (©). 


+ + 





Fig.3-8: An RC Coupling Circuit. 
Very often the time constant of 
RC is so chosen that the wave- 
shape of voltage at the grid of 
Vo is the same as at the plate 
of V,, while at other tines an 
RC constant is selected which 
will produce a very definite 
modification in the waveshape. 


2h. Long RC: In order to 
analyze the action of a long RC 
circuit when variations in voltage 
are applied to it, the equivalent 
circuit shown in Figure 9 will 
be used in conjunction with the 
waveforms in Figure 10. The 
generator supplying the input to 
this RC combination is producing 
a voltage which varies between 
plus -50 volts and plus -100 volts 
with respect to ground. 





Fig.3-9: The Equivalent Cirouit 
of a Long RC Coupling Network. 
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It might be, for example, two 
batteries with a switching er- 
rengement betreen them. Notice: 
that the inout voltage is held 
at plus-100 volts for 200 micro- 
seconds and then et plus-50 volts 
for 400 microgeconds. Suppose 

it 1s desired to pess this volt- 
age variation to the output (ep) 
with Little change in weveshape. 
For thispurpose an RC combina- 
tion which has a time constant 
that is considerably longer than 
the time the input voltege is 

et any one value (400 micro- 
seconds) ‘will be used. It is not 
desired that the condenser change 
ite charge to any greet extent 
during the cycle. 


















convenience. 


26. By the use of the com- 
plete eoustion for an exponen- 
tial curve, it *7i11 be found 
thet in this verticular cage 
€p will dron to 82% of ite start- 
ing value in 200 microseconds 
end to 67% in 400 microseconde. 
(In 1000 microeeconds it drops 
to 36.86%) The invut voltage is 
first mplied at t = O with the 
condenser discharged. One hun- 
dread volts is applied, and, since 
there is no drop scroes the 
condenser at this instant, the 
full voltage appears across R. 
Current flow resulta, and the 
condeneer begins to charge ex- 
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The Charging of a Con- 
denser to an Average Woite e; 
An RO combination which has a 
time constant that is longer than 
the period of time of one alter- 
netion of the applied voltege is 
called a long RC. The time con- 
stant chosen is .Ol x 107” x 100 
x 105 = 1000 microseconds. It 
is not an extremely long RC for 
the waveform frecuency under con- 
sideration and is used here for 





The Charging of a Condeneer to an Average Value. 


ponentially. These actions mey 
be followed in Figure 10. 


ef. At the end of 200 micro- 
seconds, eR has droped to &2 
volts (82% of the effective 
voltage), or in other words, the 
concenser has charged to 1é volte. 
At this time the in:ut voltage 
sucdenly drops to 50 volts. 
There is no reason for the con- 
denser to change its charge 


~26~ 


during this drop, so it remains 
momentarily at 18 volts. Kemem- 
per that a quantity of electrons 
must flow around a circuit to 
change the charge on a condenser, 
The 50 volts applied minus the 18 
volts in the condenser leaves 32 
volts effective across R. Dure- 
ing the next 400 microseconds, 
the effective voltage will drop 
to 67% of its original value or 
to plus-21 volts. The condenser 
charge is 29 volts (50-21). When 
the input voltage asain jumps to 
100, there will te 71 volts ef- 
fective across K(100-29). Once 
again eR will drop to 82% of the 
effective voltage when C charges 
for 200 microseconds. It drops 
to 71 x .82 = 58 volts. This 
action continues exactly in the 
same fashion and may be followed 
in the illustration. Notice that 
C is always charging, so long as 
the top of is positive with res- 
pect to the bottom; and thst, as 
C cherges, the avereze voltage 

at the top of R moves downward. 
The value of the DC voltage at 
the bottom of the resistor (zero 
in this example) is very import- 
ent because of this fact. 


28. As soon as the voltage 
et the top of k begins sw _nging 
below this line, current will be- 
gin flowing down through KR for 
part of the cycle, decreasing 
the charge on C. However, the 
amount of charge gained or lost 
by C during an alternstion de- 
pends not only upon the length 


of time involved, but also upon the 


amount of effective voltage pre- 
sent. In fact, an exact indica- 
tion of the charge gained or lost 
by C during an alternation is 
&iven by the area included be- 
tween the curve and the voltage 
at the bottom of R. 


29. As time pro.resses, 
(Figure 10), the condenser will 
continue to increase its charge 
every cycle until the averas 
voltage has shifted down far. 
enough that C will discharge each 
cycle as much as it charges, 


585555 O - 44 - 3 


wo Ta 


until the area below the refere- 
ence line is equal to the area 
above. 


SO. Actually, a normally 
used long KC would have a much 
longer (relative) time constant 
than:the one shown, and would 
require. longer to reach a stable 
condition, but assuming it did 
require 500 cycles to reach equi- 
librium, this would be only one 
second after the signal was 
@pplied in the case of a 500 
cycle-per-second signal. It 
should be apparent, then, that 
if the condenser charge does not 
change appreciable auring a cycle, 
the voltage across K will vary 
exactly as the input voltage, 
regardless of the actuel wave- 
shape applied. 


Sl. Such an RC combination. 
as shown in Figure 9 can be used 
@s a coupling ciruult between 
stages of anamplifier. This 
will prevent the DC potential 
st the plate of the first stage 
from appearing on the grid of 
the following stage. As explain- 
ed in the preceding pseragraphs, 
the voltage variations will, 
after s short period of time, 
swing about the potential exist- 
ing et the end of the resistor 
awey from the grid. Thus the 
bissing voltsege for the tube may 
be connected to that end of the 
resistor and the signal will vary 
above and below thet voltage. 


S52. To summarize the pro- 
perties of a long -.C coupling 
circuit: First the output volt- 
age (e,) has very nearly: the 
same wave shape as the input, 
second, the output voltage has 
for its direct current component 
the voltage at the bottom of R, 
regardless of the LC component 
of the input, after equilibrium 
hes been reached. Figure 11 
shows the wave shape for several 
types of input. Notice that in 
all cases’ the. output is swi nging 
about a reference voltage (which 
is the potential at the bottom 
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of R) in such a manner that the 
areas included above and below 

that line are equal. The volt- 
age across R is now considered 

to be purely alternating. 


33. Short RC: In contrast 
to the long RC circuit, constants 
may be chosen which result in an 
RC combination having a time con- 
stant that is shorter than the 
period of time required for one 
alternation of the applied volt- 


age. This is called a short RC 
circuit. | 
34. Use will be made of the 


same generator shown in Figure 

9 in describing the action of a 
short RC. A .0001 mfd. con- 
denser will be substituted for 
the .0l1 mfd. condenser in the x2C 
circuit (see Figure 12). This 
change in C produces a time con- 
stant of 10 microseconds, and 
makes the circuit a short RC 


for the waveform applied. At 
t#0, the instant the input 


- 28 = 





voltage is applied (no charge 
on the condenser), the voltage 
across #« will be 100 volts as 
before. 











C 
-O001 mfd. 


R 
100k 


Fig. 3-12: 


The #quivalent 
Circuit of a Short 2C Network. 


This condenser can charge much 
more quickl;, however, at the 

end of 10 microseconds the volt- 
age across x will be down to 36.8 
volts. Long before the end of 
the first 200 microseconds the 
condenser may be considered to 


pe completely charged to the ap- 
plisd 100 volts and eg will have 
fallen to zero. Now when the in- 
put voltage falls 50 wolts, ep 
will likewise drop 50 volts, as 
in the long RC; but, with 100 
volts charge on C, R will go from 
zero to -50 volts (50 volts ap- 
plied minus 100 volts in C equals 
-50 volts at the top of 8). 

can discharge enough to bring eR 
back to 37% of -50 volts in 10 
microseconds, thus, long before 
the end of the 400 microseconds, 
eR is at zero and C is charged 

to plus-50 volts. 





200 400 600 800 1000 
Time in microseconds ___. 


Fig. 3-13: Voltage Waveforms of 
a Short RC Circuit. 


Notice on the graph, Figure 13, 
that @> is practically the same 
as the input voltage waveshape 
and that er is a series of posi- 
tive and negative pulses, the 
magnitudes of which are equal tc 
the sudden changes in input volt- 
age. Very often voltages other 

- than a square wave are applied 
to short RC circuits. It is 
necessary to develop a means of 
determining the voltage wave- 
shapes acroes R when any type of 
input wave is applied. Probably 
the simplest approach to the prob- 
l6ém is to say that ina short RC 
tae waveform of voltage across 
the condenser is practically the 
same as the input voltage. This 
fact is true befause C can charge 
and discharge so quickly in com- 
parison to the input cycle that 
the area between 6p and the re- 


ference line is very small. 


35. RC Differentiatar: Fig- 
ure li shows effect of apply- 
ing a symmetrical sawtooth input 
voltage to the RC circuit shown 
in Figure 12. The applied volt- 
age rises linearly from 50 to 100 
volts in 200 microseconds and 
then falls back again to 50 volts 
in an equal time. 
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Fig. 3-14: Symmetrical Sawtcoth 
Applied to a Short RC Circuit. 


Practically speaking, ec will 

rise very quickly to 50 volts and 
then will charge at a constant 
rate remaining almost equal to 

the applied voltage at all times. 
If, however, the vot eece across 

C is to rise at a constant rate, 

@ constant current must be flow- 
ing in the circuit. Remember that 
if the charge on a condenser is 

to be changed by the same amount 
in each unit of time, the same 
anount of electrons must be moved 
around the circuit in each unit 

of time or, in other words, a con- 
stant current must flow. This con- 
stant current will produce a con- 
stant voltage drop across R. Like- 
wise, when the input voltage (and 
6c) falls, the condenser is dis- 
charging at a constant rate and a 
constant drop is produced across R 
in the opposite direction. 

a given RC circuit the amount of 
voltage across R depends not upon 
the magnitude of the applied volt- 
age, but upon the rate at which 


0 
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the applied voltage is chenging. 
Because of thie fact a short 

RC ie very often called a "Dif- 
ferentiator"® circuit. Differ- 
entiation {is the name given to 

a process in calculus whereby the 
rate of change of some quantity 
4e-determined. Simply remember 
that in a short RC the voltage 


across R depends upon the rate 
at e inpu “voltage is 
changing. 


36. Figure 15 shows several 
aifferent applied voltages and 
the ep which resulte. Note that 
in the case of a sine wave the 
output voltage ie also a sine 
wave but is 90° out of phase with 
the input. 
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given rate, the condenser will 
not instantly start changing ite 
charge at the same rate. In 
other words, the voltage acroes R 
will not immediately jump to ite 
constant value but will build 

up exponentially to thie value. 


38. Figure 16 ie used to 
illustrate the factors involved. 
It 18 a specific case, but the 
principle may be applied to any 
situation. Apply a voltage 
which starts at zero and rises 
at the rate of 1 volt per micro- 
second. The time constant of 
the RC vircuit is 10 microseconds. 
It is obvious that at the first 
instant the rate of charge of the 
condenser is zero, because there 
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Fig. 3-15: Differentiator Output for Various Input Voltages. 


It should be remembered that the 
magnitude of e, is usually very 
emall in comparison to the in- 
put voltage change. . 


37. The preceding discussion 
is a simplified approach to the 


problem. Actually when the input 
voltage starts to change ata 


1a no voltage across R and no 
current ig flowing. Then for 

a time the condenser will not 
charge as fast ae the input 
voltage rises. The result is 
that ep (the difference between 
input voltage and en) increases. 
As ep increases, the charging 
current increases, and C charges 
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faster; but, until C is charging 
at the rate of 1 volt per micro- 
second, @p will continue to rise. 





10 u sec. 


Fig. 3-16: The Initial Charg- 
ing Rate of a Condenser will not 
Correspond to the Initial Rise 
of a Linear Voltage Input. 


In order to determine the value 

of e, necessary for @, to rise 

at is rate, it is necessary to 
find the current required. © 
would have to charge to 10 volts 

4n one second; or, in other words, 
Bince Q = CE, a quantity of elec- 
tricity equai to .001 x 10-8 x 

10” = .001 coulombe must flow in 
the circuit per second. This re- 
presents a current of .00l amperes. 
fen volts (.001 x 10,000) must be 
present across R before this amount 
of current will flow. It may be 
shown: (1) that the constant volt- 
age acroes R is equal to K x RO, 
where K is the rate of change of 
input voltage in volte per second; 
and (2) that ep has reached 63.2% 
of this value in RC time. 


39. RC Integrator: An RC 
combination is sometimes used as 


an integrator. Integration is 
another term taken from calculus. 
It 16 a process of summation. 
Applied to electrical circuits it 


is a means of obtaining a voltage 


rovortional to the frequenc 

Sea amplitude or Input pulses. 
HO. There ie nothing differ- 

ent about the RC circuit in Fig- 


ure 17 from those mentioned pre- 
viously except that 


the open 
is taken across C rather ‘ 
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Fig. 3-17: RC Integrator Cirouit. 


Assume that values are assigned 
to R and C which result in a long 
RC time constant for the fre- 
quencies of the input waveforms 
shown in Figure 18. Remember that 
in a long RC the charge on the 
condenser (e,) does not vary 
appreciably during a cycle, but 
that over a period of time it 
will charge so that the voltage 
across Ris purely alternating. 
In other words, C will charge to 
the DC component of the input 
signal, Figure 18. 
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(B) High DC Component. 


Fig. 3-18: Condenser Charges 
to the DC component of the input 
Signal ( CIN). 
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Tt is not difficult to see that 
if the average value of the input 
voltage is increased, C will 
charge to a higher voltage. A 
and B of Figure 18 show the ef- 
fect of changes in the average 
input voltage. When the input 
pulses come along at widely spac- 
ed intervals, C will not build 

up a@ very great charge; but, when 
the pulses occur more often, the 
charge on C will increase. 


41. However if values are 
assigned to R and C which result 
in a short RC time constant for 
the frequencies of the input wave- 
forms shown in Figure 18, a some- 
what different sort of output 
voltage will be produced. With 
a short RC path, the condenser 
will be expected to charge ex- 
ponentially to the full value of 
the input voltage in a period 
less than the time duration of 
the applied pulse. This charge 
will be retained, holding the 
output voltage (ec) constant un- 
til the applied voltage changes. 
The condenser will then dis- 
charge exponentially to the new 
value of applied voltage in a 
period less than the time-dur- 
ation of this input voltage. 

The output of the integrator 
circuit is shown in Figure 19. 
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The shorter the RC time constant 
with respect to the applied fre- 
quency the more nearly the out- 
put voltage (ec) will conform to 
input waveforn. 


L/R TRANSIENTS © 


42. Circuits containing 
inductances and resistance are 
found very often in Radar. There 
are many similarities between 
L/R and RC circuits, but at the 
same time there are important 
differences. As with RC, the 
key to the action of an L/R 
circuit lies in the properties 
of the circuit elements themselves. 


43. Inductance: ‘Whenever 
&@ current flows through a con- 
ductor, a magnetic field exists 
about it, the strength of which 
varies directly with the cur- 
rent. <As the intensity of the 
magnetic field surrounding a wire 
is changed, a voltage or pressure 
is produced in the wire. This 
voltage is in such a direction 
that it opposes the change. It 
tries to prevent the current in 
the wire from changing. Consider 
Simply a 100 volt battery and a 
loop of wire connected to the 
terminal. Before connection is 
made at the positive terminal 
of the battery, no current is 
flowing. At the instant connec- 
tion is made, the battery will 
be exerting a force of 100 volts 
trying to cause electrons to flow 
around the loop. But current 
will not instantly jump to its 
fuli value. The electrons seem 
to have considerable inertia; 
but actually, the fact that a 
field must exist when current 
flows is responsible for the 
action. 


Li. If no current flows at 
the first instant, there must be 
a force in the wire opposing the 


OP Ak Pe aE ae a ae t battery voltage and exactly equal 
to it. This force is called 
Fig. 3-19: Output of a Short "counter-emf", and is produced by 
RC Integrator Circuit. a magnetic field starting to 
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build up about the wire. That 
property of a circuit which op- 
poses changes in current through 
it is called inductance. The 
more inductance a circuit has, 
the slower the current will rise 
through it with a given applied 
voltage. If the current through 
a device rises at the rate of 
One ampere per second when a 
pressure of one volt is applied, 
it has an inductance of one henry. 


45. The inductance of a piece 
of wire may be greatly increased 
by winding it into a coil, in 
which case the field about one 
portion of the wire also links 
other portions. Sometimes a mag- 
netic core is used to increase 
inductance. The voltage across 
an inductance depends on two face 
tors: The amount of inductance 
and the rate at which the cur- 
rent changes through the inductance. 
If the current changes at a 
constant rate (inductance being 
a constant value for a particular 
coil), the voltage level across 
the inductance must be of con- 
stant amplitude. It would be 
helpful to remember the follow- 
ing comparison between an induct- 
ance and condenser: When a 
constant current flows "through" 
a@ condenser, the voltage across 
it rises at a constant ee 
when a constant voltage is ap- 
plied to an inductance, the cur- 
rent rises through it at a con- 
stant rate. 


46. <All practical circuits 
have resistance. Consider the 
action of an L/R circuit (Figure 
20) which is similar to the RC 
circuit of Figure 4, and compare 
the actions of the two circuits. 
See Figures 21 and 6, 





Fig. 3-20: <A Simple L/R Circuit. 
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47. When the switch’ is 
thrown to position 1 (Figure 20), 
two facts are obvious from the char- 
acteristics of the components: First, 
at t ® O, no current will flow; 
secondly, if no current flows, 
there will be no drop across R. 
e, is zero, then the full battery 
voltage must appear across L. Cur- 
rent rises through the circuit at 
the rate required to produce 100 
volts counter-emf in L. As eurrent 
begins to flow, however, a volt- 
age drop appears across R, and e, 
decreases lessening the rate of 
increase of 1. The voltage across 
R rises exponentially toward the 
battery voltage and i increases 
exponentially toward E)/R. 


48. This behavior can best be 
illustrated by considerations sim- 
ilar to those utilized in the study 
aes circuits. After a long 
time 


is Ep/R 
However, at zero time 

iz0 
It can be shown that at any time, 
t: 

{= Bp/R ( 1 - eFt/t} ; 
where & = 2.718 (base of natural 
logarithm). Considering the cir- 
cuit constants which determine 
the characteristics of the circ- 
uit, L and R, 


let t = L/R seconds 


substituting i = = (4 -€ BR La) 


E,/R (1 -6€ 72} 
Ep/R(1-1/2.718) 
~632 Ep/R & 
63.2% of Ep/R 


-L9. Notice that the curves in 
-Figure 21 look exactly like those 
1in Figure 5. The curves of er 


or i 
then i & 


therefore i = 
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Figure 3-2/1 Current and Voltage Transients in an L/R Circuit 
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Figure 3-22 Resultant Waveforms of L/R Circuits of Different 
ime Constants 
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and en correspond respectively 

to ep and @g. The time constant 
in the case of an inductive cir- 
cuit is L/R; ep will be at 63.2% 
of Ep and ey will have fallen to 
‘36.8% of E,. The time constant 
of the circuit shown is L/R = 
1/1000 = .1 ampere. Increas— 

ing L increases the time constant 
because it will take longer for 

1 to rise to .1 ampere. Increas— 
ing R, however, will decrease 

the time constant because, al- 
though 1 starts increasing at 

the game rate, it does not build 
up to as high a value. — 


50. If, after approximately 
10 x L/R seconds the switch is 
thrown to position 2, the foliow-— 
ing resulte will be apparent. 
Because of L, the .1 ampere that 
has been flowing will not sudden- 
ly change. The counter-voltage 
of L will prevent. any instantan- . 
eous change in current. If it is 
to remain momentarily the same, 
@p must remain momentarily at 
100 volte; since the left side 
of Ris at ground potential, its 
right side must be at -100 volts. 
In other words, the counter-volt- 
age produced in L to keep the 
current flowing is 100 volte, 
of polarity opposite to that 
existing when the ewitch was in. 
position 1. This counter-voltage 
is being generated by a falling 
current-—-falling at the same rate 
at which it was built up, because 
the same voltage is produced. 
e,, I, and all fall exponen- 
tlally toward zero. This can be 
shown by application of the ex~ 
pression for the decay of current 
in the L/R circuits 


i = E,/R (¢ “Rt/L) 


by substituting t = L/R, it is 
seen that | 


1 = 36.8% of E,/R 


in L/R seconds after the switch 
ie thrown into position 2. 


el. L/R Coupling: An L/R 


combination is sometimes used for 
coupling between circuits. The 


L/R network acts exactly the same 


as an RC combination of like 

time constants, as far as voltage 
waveforme are concerned. There 
is this difference, however: 

The average current in an L/R 
circuit depends upon the DC com 
ponent of the input signal and 

ile generally not zero. Since R 
is taking the place of C, the 

DC component of the input signal 
must be dropped acrose R by cur- 
rent flow through it. See Figure 
22 for a comparison of the two 
circuits. 


52. In an RCO circuit, tne 
average, charge on the condenser 
changes from one cycle to the 
next until it is charging and 
discharging an equal amount. 

In an L/R circuit the current : 
keeps changing from one cycle to 
the next until it has reached 

a value were it is increasing 
and decreasing the same amount. 
The area under the curve of 67, 
determines how much change in 
current takes place during an. 
alternation. 


53- Inductive coupling is 
used wherever it is desirable 
to have the plate voltage of a 
vacuum tube vary about (above 
and below) the eupply voltage 
rather than about some lesser 
value as in resistance coupling. 
The essential circuit is shown in 
Figure 23. With the inductance 
forming a long L/R with the 
plate resistance of the tube, the 
output will be the same as the 
signal voltage at the grid so 
long as the grid remains within 
the linear region. An RC coup- 
ling is still usually necessary 
to couple the output to its load. 


54. Differentiators: 
ln a circuit containing resistance 
and inductance, such as shown in 
Figure 23 (B), if suddenly a volt- 
age ia applied across the combina— 
tion, at the first instant all of 
the voltage will appe@ across 
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the inductance, since no current 
is flowing in the. circuit. By 

reference to the curves in Fig- 
ure 21 this is found to be true. 


co B+ 
(A) Actual Circuit 





(B) Equivalent Circuit 
Fig. 3-23: Inductive Coupling 


Then as current starts flowing, 
the voltage across L will de- 
crease exponentially. If the 
time constant of the L/R circuit 
is short as compared to the per- 
fod between cycles of square 
waves applied, the output will 
be far different from the input. 


(A) Long RC Circuit 
Fig. 3-24: Comparison of RC and L/R Coupling Circuit. 
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The output voltage taken across 

L will be sharp pulses, the width 
of which will be determined by 
the L/R constant. 


55. Assume that square waves 
of voltage are applied to the 
L/R circuit shown in Figure 25. 





Fig. 3-25: An L/R Differentiator. 


Such a waveform is shown in 
Figure 22(B) as ey,. As each 
change in voltage ts applied to 
the circuit, the same change 
appears at its output. But since 
the time constant is short the 
current will rise rapidly, reach- 
ing the value Ep)/R in a time less 
than the time-duration of the 
applied pulse (Figure 25(B)). 

As the current rises exponenti- 
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ally, the IR drop increases sin- 
{liarly and the output voltage 
will decay at the same rate. 
This is shown in the waveform of 
Figure 22(B) as ey, These sharp 
pulses may be applied to various 
circuits just as the output of 
an RG differentiator is employed. 


56. L/R Integrator: In the 
game manner in which the differ— 


entiated voltage waves were taken 
across the inductance in a cir- 
cuit containing resistance and 
inductance, integrated voltage 
waves may be taken across the 
resistance. In Figure 26, an 
L/R integrating circuit is shown, 
the output being taken across the 
resistance. As in a differen- 
tiating circuit, the L/R circuit 
merely forms a voltage divider 
network, from which can be taken 
voltages which vary as the cur- 
rent through the combination 
varies. 





Fig. 3-26; An L/R Integrator 


At the first instant in the 
differentiating circuit all of 
the voltage appears across the 
inductance; in the integrating 
circuit the same action occurs. 
The voltage to be used, however, 
(E_), will be zero at this time. 
An instant later the voltage 
across the inductance will be- 
gin to decrease and the volt- 
age across the resistance will 
begin to rise. This action is 
shown in Figure 22. Assume that 
equare waves, of voltage are ap- 
plied to the circuit shown in 
Figure 26. In Figure 22(A) such 
a waveform is shown as Cine As 
explained above, at the first 
instant, the output will bezero 


volts since there is no current 
and no IR drop present across R. 
But the voltage across R starts 
to rise with the flow of cur- 
rent through the circuit, in — 
the manner shown in Pigure 22(4A) 
a8 Ep. Now as the end of the 
square wave is reached, another 
rapid change in voltage is en- 
countered and the voltage starts 
to decrease across the resistance 
as the current through the cir- 
cuit starts to fall at the same 
rate as the original rise. If 
the L/R constant is long, the 
output will be a sawtooth of 
voltage; if it is short, the 
voltage will be an exponential 
waveform as shown in Figure 22(B) 
as 6p. 


TRANSIENT ACTION IN RADAR 


57. In ordinary applications 
transient action may be ignored 


almost entirely due to the fact 


that the time considerations are 
of such magnitude as to render the 
action inaignificant. Transient 
disturbances occur in electrical 
circuits whenever any circuit 
condition: changes, i.e., opening 
and closing of switches, etc. 


5S. In Radar applications, 
however, the technique of measur— 
ing extremely short intervals of 
time is being developed to a 
remarkable degree. Under these 
circumstances fransient con- 
siderations are of paramount im- 
portance. Not only is transient 
action a factor to be dealt with 
in Radar technique but it serves 
as the very basis for the devel- 
opment of this technique. Thus 
it may be said safely that RC 
and L/R transients hold the 
most prominent position among 
the fundamental principles un- 
derlying Radar Performance. 


59. The student technician 
will find it extremely beneficial 
to devote the time necessary to 
develop an adequate understanding 
of the performance of RC and L/R 
circuits. 
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This: may. be accomplished by: 

(a) thorough familiarization with 
the current and voltage transients 
of circuits containing resistance 
and capacitance or inductance; 
1.o., recognizing that time is 
required for the charge (across 

a condenser) or for the current 
(through an inductance) to change 
its level; (b) considering the R, 
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L, or C of a circuit as elements 
of a voltage-divider network, and 
applying Kirchoff's law. 


60. These few steps, it would 
seem, represent the simplest 
approach to the type of analysis 
essential to an adequate under 
standing of a large portion of 
the circuits comprising any type 
of Radar equipment. 
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CHAPTER IV 


Cathode Followers 





1. The cathode follower is 
a degenerative vacuum tube cir- 
cuit in which degeneration is 
produced by an unbypassed cathode 
resistor, the output being taken 
across this resistor. This cir- 
cuit is essentially an impedance 
matching device with less than 
unity voltage gain but possess- 
ing power gain. Its high input 
impedance and very low output 
impedance render it particular- 
ly suitable for coupling between 
pulse generating or pulse trans- 
.mitting stages and transmission 
lines or circuits whose shunt 
capacity might otherwise cause 
objectionable effects. The 
cathode output voltage "follows ‘ 
the grid input voltage, hence is 
of the same polarity. 


2. Uses: In Radar it is 
often necessary to feed the out- 
put of one unit through a coaxial 
cable. This coaxial cable will 
be, in some’ cases, as long as 
fifty feet. There is a certain 
amount of capacity between the 
inner and outer conductors that 
represents an impedance to the 
signal to be transmitted through 
the cable. In other words, this 
capacitance has to be charged 
each time a pulse is sent through. 
If too much of the signal is 
wasted in charging the capacity 
of the line, there will not be 
enough us3ful voltage appesring 
at the other end of the line to 
accomplish the action desired in 
that circuit. 


3. It is desirable, of 
course, to transmit the signal 
through the coaxial cable with 
as little loss as possible and 
with a minimum amount of dis- 
tortion. The output impedance 
of an ordinar, amplifier is 
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usually very high and if this 
amplifier works into a low im- 
pedance load (such as a coaxial 
cable) only a small amount of 
the original signal would appesér 
at the far end of the line as 
useful voltage. For these 
reasons a low impedance out- 

put stage is desired. 


4. Operation: The cathode 
follower anplifier, shown in 
Figure 1, is a single stage in- 
verse feedback anplifier in 
which the output voltage is 
taken across the cathode re- 
sistor. Notice the absence of 
@ cathode bypass condenser. 
Also notice that there is no 
plate bad resistor and that 
the output of the circuit is 
taken across the cathode re- 
sistor. 





A Conventional 


Fig. 4-1: 
Cathoie Follower. 


5. Consider the circuit 
with no signal arplied to the 
grid. ‘there will be a certain 
amount of current flowing through 
the tube. The product of this 
current and the resistance in the 
cathode circuit will sive the 
amount of no-signal bias develop- 
ed across that resistance. If 
the grid is driven in a positive 


direction, the tube current will 
increase and the IR drop across 
the resistor will increase. The 
bias will be varied with the 
signal amplitude, reducing the 
effect of the input signal as 
the cathode tends to "follow" 
the variations in grid poten- 
tial. If a sine wave is app- 
lied to the grid, a sine wave of 
less amplitude will appear a- 
cross the cathode resistor. The 
circuit is then a negative feed- 
back or degenerative amplifier. . 
Without entering into the mathe- 
matical derivation, the gain of 
the stage can be calculated 

from the following equation: 


Gain = uk, 
Ro t+ R, (1 +u) 
Where 


u = Amplification factor of tube 

Ry= Resistance of cathode resis- 
tor 

Rp= Plate resistance of tube 


The presence of the quantity 
(1+ u) in the denominator of the 
equation assures that the gain 
of the cathode follower will al- 
ways be less than unity. The 
circuit is a de-amplifier. How- 
ever, considering the advantages 
of the stage, the loss in gain 
is not objectionable. 


6. It is important to note 
that the output waveform will be 
"in phase® with the input wave- 
form. That is, it will be of the 
same polarity. Remember that as 
the grid was going positive the 
cathode was also going positive. 
Likewise, as the grid was going 
negative, the potential of the 
cathode was going in a negative 
direction. This differs from the 
ordinary amplifier in that the 
output voltage is normally in- 
verted or reversed in polarity. 


7. As long as the grid is 
not driven positive with respect 
to the cathode, then the input 
impedance of the oathode follow- 
er is high. This circutt will 
not, therefore, "load" the pre- 
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vious stage. On the other hand, 
the output impedance is compara- 
tively low. This impedance can 
be calculated by dividing the 
plate resistance of the tube by 
its amplification factor and will 
be of the order of 750 ohms. 

This output impedance can be as 
low as 170 ohms. 


& It has been mentioned 
that one application of the cath- 
ode follower is to use it to feed 
a pulse into a coaxial line. 
Another practical advantage of the 
device is that it may be coupled 
to the following stage without the 
use of a coupling condenser, 60 
that the DC voltage as well as the 
AC. components of the signal will be 
transmitted. The DC voltage must 
not, however, be great enough to 
Overcome the bias set up by the 
cathode resistor of the second stage. 


9. When it is desired to ob- 
tain a low output impedance with a 
large voltage output, it 1s possible 
to employ several tubes in parallel 
in one stage. The loading effect 
of such a combination of tubes is 
not materially worse than that of a 
Single stage, since the capacitance 
values of the combination are equal 
to the sum of the capacitance 
values of the individual tubes. 





Fig: 42: 


A Cathode Follower 
Wo toring an 1852 Pentode. 
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10.. The cathode follower 
may also be used in conjunction 
with the oscilloscope. This 
application is used when the in- 
put impedance of the oscilloscope 
1s so low that it causes the 
waveforms being observed to appear 
distorted. Such an effect will 
be present, for instance, if an 
Oscilloscope with an input im 
pedance of about 5 megohms is con- 
‘nected across a grid circuit with 
an impedance of 10 or 15 megohme. 
Thia parallel impedance will cause 


a marked effect on the signal - 
since the time constant of the 
circuit has been reduced oon- 
siderably. However, if a cath- 
ode follower is connected be- 
tween the high impedance cir 
cuit under consideration and the 
Oscilloscope the impedance of 
the circuit will not be altered. 
appreciably. Therefore, the 
waveform on the oscilloscope 
will be a true representation 
of the action in the circuit, 
i1.e.,free of distortion. 
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CHAPTER V 
Blocking Oscillators 


le <A. Blocking Oscillator is 
any oscillator, running freely 
or controlled by a synchronizing 
voltage, which cuts itself off 
after one or more cycles by the 
flow of grid current charging a 
grid capacitor. Airborne Radar 
is concerned with two Peee. 
types of blocking oscillators; 
the self-pulsing RF oscillator, 
and the single cycle or. single 
swing timing-oscillator. The 
former serves as the transmitter 
in some Radar equipments; the 
latter may be used to deternine 
the pulse recurrence frequency 
of a Radar transmitter. When 
eo used, ‘t is often referred to 
as a Repetition Rate Oscillator, 


Timing Oscillator, or Base Oscil- 
lator. 
2. Before considering the 


theory of operation of the block- 
ing oscillator, it would be well 
to review the theory of ranging 
by means of radio waves and see 
why a pulsing type of RF oscil- 
lator is used in the Radar trans- 
mitter. 


3. In determining the dis- 
tance to the’ target it will be 
remembered that a pulse of radio 
frequency energy of short time 
duration is transmitted and then 
a comparatively long period of 
time is allowed for this pulse to 
reach the target, be reflected, 

and return to its point of ori- 
gin. During the time the pulse 
is going out to the target and 
returning to its place of origin, 
the transmitter must be off the 
air or resting. Obviously, if 
the transmitter were allowed to 
tranemit continuously there would 
be no practical way of measuring 
the time required for each oscil- 
lation to travel out to the tar— 


get and return. Thus it becomes 
necessary that the transmitter 
operate for a short period of 
time and then remain off the air 
for a comparatively long period 
of time. During this inoperative 
period the pulse goes out to the 
target, is reflected, and returns 
to ite point of origin. Mean- 
while the indicator measures the 
trevel-time of the pulee and 
provides a means of establishing 
the range of the target in miles 
or yards. 


4. It is evident that each 
pulse of radio frequency energy 
should be as powerful as possible. 
This requirement can be approached 
in two ways. The first method is 
to use as much power ae possible. 
However, in aircraft equipment 
space and weight place a limit on 
this factor. The second method 
is to design the euuipment so 
that each oscillation within the 
pulse has maximum amplitude. 

Since the transmitter is working 
for a short period of time and 
then resting for a long period of 
time, it may be greatly over- 
loaded for the short transmitting 
period and allowed to cool off 
during the long resting time, 
This makes it possibTte todesign 

a tranemitter with a very high 
pulse power for its size and 
space. When the transmitter is 
designed for heavy overloading 

on each pulse, it must not be 
allowed to break into continuous 
wave operation (CW) otherwise 

the tubes will remain over heated 
and will be damaged. 


5. In examining the oper- 
ation of the blocking, or self- 
pulsing RF oscillator, the Hart- 
ley type will be referred to be- 
cause Of its simplicity, although 
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the blocking principle may be 
applied to almost any of the con- 
ventional types of oscillators. 
The circuit of the Hartley Oscil- 
lator is shown in Figure 1(A). 


BS 
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(B) Grid Positive 


grid leak R,. See Figure 1 (C). 
This means that some of the pre- 
viously trapped electrons will 
leak off through the grid leak 
R, and the grid condenser will 


B+ Bt 


Cy 


4 


Vi 


(C) Grid Negative 


Electron Flow Indicated by Arrows. 


Fig. 5-1: 


In this oscillator the Radio fre- 
quency of oscillation is deter- 
mined by the LC constants of the 
tank circuit. The theory of op- 
eration may be reviewed in any 
text on radio theory and only 

that portion necessary in the om- 
sideration of pulsing action wiil 
be presented here. 


6. CW Operation: With this 
circuit oscil tating. the grid of 
V, will be driven alternatively 
positive and negative. When the 
grid is positive with respect to 
its cathode, there will be a flow 
of electrons within the tube from 
cathode to grid. See Figure 1 (B). 
Because the electrons can flow only 
to the grid side of the grid con- 
Genser C, and not through its diel- 
ectric, they will pile up on this 
plate. The condenser will there- 
fore take on a charge such that 
the grid side is negative with res- 
to the tank side. When the grid 
of V 
halftor the RF cycle, there can be 
no flow of electrons thru the tube 
and the only path for the flow of 
electrons will now be through the 
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The Hartley Oscillator 


lose part of its charge during 
the negative portion of the oyole. 


7. ‘The charging up of the 
grid condenser through the low grid- 
to-cathode resistance of the tube, | 
and the discharging of this conden- 
ser through the comparatively high 
resistance of the grid leak builds 
up an average DC voltage on the 
grid condenser which is’ called the 
grid bias. The polarity of this 
bias is such that the grid will be 
negative with respect to its cath- 
ode. This method of obtaining bi- 
as is called the condenser-grid leak 
method. It has several advantages 
over other methods of bias, namely: 
(a) It uses but a few parts and 
is therefae relatively simple. 

(b) It assures quick starting 

of the oscillator. When the cir- 
cuit is first started off,the 
grid condenser will be in a dis- 
charged state and therefore V, 
will have no grid bias. Under 


is driven negative on the next these conditions the tube will be 


very sensitive and a very minute 
disturbance in the grid circuit 
will be amplified greatly, start- 
ing oscillation. (c) Automatic 
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Oscillation Amplitude Regulation: 
If the circuit should tend to 
Oscillate more vigorously, it 
would drive the grid of V7 more 
positive, therefore building up 

a larger negative voltage or 

bias on the grid condenser. Thies 
will reduce the amplification 
factor of the tube, thus tend- 
ing toreduce the amplitude of 
the: next RF oscillation. If the 
amplitude of the oscillation 
should tend to decrease, the grid 
bias will drop as a result of the 
grid of V) being driven less 
positive. This in turn will 
raise the amplification factor 

of the tube and tend to make the 
next oscillation stronger. Under 
these conditions the circuit will 
Oscillate continuously and is 


called a continuous wave or CW 
transmitter. 


BLOCKING ACTION 


&. If the grid leak R, 18 
increased in value, a point will 
be reached swrherein this regulat— 
ing action can not keep the amp-— 
Litude of the oscillations with- 
in reasonable limits. The RC 
circuit now formed by the grid 
leek and grid conégeneer will 
have such a long period that Cj 
can not discharge sufficiently 
before the next cycle comes 
along. As e result of this con- 
dition each successive cycle will 
add additional charge to the grid 
condenser until a point is reach- 
ed where this voltage will be 60 
high that the amount of feed- 
back provided is not sufficient 
for oscillation to continue. 

The circuit will not break into 
oscillation again until the charge 
appearing on C, is low enough to 
allow Vy to conduct and there- 
fore permit oscillation to re- 
tommence. This results in per- 
iods of oscillation followed by 
periods of reeset, a condition 
which was termed "motor-—boeting" 
(for a number of years). It was 
en undesireble condition because 
the auditle sound produced by 


a low pulse frequency sounded 


similar to a motor boat. 


9. This heretofore undesir- 
able condition now finds appli- 
cation in the RADAR tranemitter. 
As a result the transmitter 
Oscillates for a short period 
of time and then rests for a con- 
paratively-long period.of time. 
During the time that the transe- 
mitter is working or on the air, 
the average grid voltage is 
building up to a point where it 
will stop all oscillations and 
put the tranemitter off the air. 
When the transmitter goes off 
the air, the charge on the grid 
condenser C, slowly leake off 
through the grid leak R), until 


‘the negative grid voltsge drops 


to a point low enough to qause 
Vz to-conduct, thus starting 
Oscillation. This action is 
shown in Figure ed. 


10. In Figure 2 it will 
be observed thet the circuit 
starts off from the point vhere 
the grid condenser Cy, is com 
pletely discharged. This means 
that the grid bias starts out 
at zero. During the initial 
pulse the grid bias increases 
until it reaches the point where 
Oscillation stops. From then on 
and for each succeeding pulse 
the grid bias will only vary 
between the “oscillations stop" 
level and “oscillations start 
level. Actually the grid bias 
will overshoot the"oecillations 
stop" value due to the flywheel 
effect of the LC circuit, which 
will tend to keep oscillating 
after the tube has been blocked 
or cut off. 


ll. This type of oscillator 
is often said to oscillate at 
two frequencies which ere; (a) 
the fundamental radio frequency, 
and. (b) the pulsing frequency. 
The fundamental frequency is 
determined by the LC eonstants 
of the tank circuit and the 
pulsing frequency is determined 
by the RC constants of the grid 
circuit. The rate at which these 
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pulses occur is measured ir 

number per second and called 

. the pulse recurrence frequency 
or PRF. 


12. Figure 2 shows the 


average grid voltage appearing 
at the grid of Vy. 


where osoillations will be ~° 
stopped, the grid of Vj will 
have to go positive five times 
during the pulse width. This 
is shown in Pigure 5S. It will 
be observed that the grid of 
the oscillator tube goes posi- 
tive with respect to its cath- 


ode five times and during 
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Pig. 5-2: Blocking Action Produces Intermittant Pulses of RF Energy. 


The actual grid voltage at any 
instant of time will look quite 
a bit different from this. It 
will be remembered that the 
grid of the oscillator tube 
must go positive on every posi- 
tive going portion of the RF 
cycle thus charging the grid 
condenser. This means that if 
it tekes five RF cycles to build 
up the grid voltage to a point 


each of these swings C; takes on 
more charge, because the grid 
leak does not completely drain 
off this charge on the nega- 
tive part of the cycle. As 
shown in the lower portion of 
Pigure 5, the charge on Cj pro- 
gressively builds up until a 
point is reached where it is 
high enough to stop the osc- 
Lllations. 
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Fig. 5-3: Theoretical Waveforms of a Blocking Oscillator. 
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13. The waveforms shown in 
Figure 4 are those appearing 
across the tank circuit and since 
the voltage developed across the 


(A) Ideal Waveform 


(B) Highly Damped Waveform 


(C) Slightly Damped Waveform 
Fig. 5-4: RF Output waveforms. 
tank is the output or usable 


radio frequency voltage, these 
are known as RF output waveforms. 


14. Factors Affecting Pulse 
Width and : e choice of the 


grid condenser and the grid leak 
values will be determined by the 
pulse recurrence frequency desired. 
The pulse recurrence frequency will 
then have to be broken down into 
the pulse width and the resting 
time. The pulse width is determin- 
ed by the size of the zrid conden- 
ser. If this condenser is small 
in capacity then it will take a 
comparatively short time to charge 
up. This results in a4 narrow 
pulse. If the grid condenser is 
large in capacity, then it will 
take a comparatively long time 

for the grid bias to build up 

and the pulse will be a long or 
wide one. The resting time is 
determined primarily by the size 

of the grid leak. If this grid 
leak .as a high resistance, then 

it will take a long time for the 
charge to leak off, and as a re=- 
Sult, the resting time will be 
comparatively long. If this 

grid leak has low resistance, 

it will take a shorter time for 
the charge to leak off the grid 
condenser and the resting time 
will be shortened. 


15. Figure 5 is a diagram of 
an actual laboratory unit that 
will be used to study the oper- 





Fig. 5-5: A Laboratary Model of a Blocking Oscillator. 


yy 


CONFIDENTIAL 


ation of the RF self—pulsing 
(blocking) oscillator, Note that 
the constants of the grid leak 
and grid condenser have been made 
variable. In this way it is 
possible to vary the pulse re- 
currence frequency as well as 

the characteristics of this fre- 
quency. By varying the value of 
the grid condenser it is possible 
to ahaage the pulse width and by 
varying R,, the grid leak, it 1s 
possible to increase or decrease 
the resting time. By making R 
small enough it is also possible 
to make the oscillator break into 
CW. With this unit and an oscil- 
loscope the various waveforms and 
the effects of changing the values 
of the component parts may be 
observed. 


SYNCHRONIZATION OF THE INDICATOR 
16. In Chapter 1, "Basic Con- 
cepts of Radar Performance", it 
was brought out that in Radar sys- 
tems employing the self-pulsing 
RF oscillator as the transmitter, 
the indicator was triggered off 
as the transmitte@m fired in order 
that it could begin measuring the 
travel time of the pulse at the 
correct instant. Notice thet in 
Figure 5 a resistence is connect— 
ed in the negative power supply 
return lead. Across this resis- 
tor there will appear.a voltage 
drop determined by two factors. 
These factors are (a) the cur- 
rent flowing through this resist- 
ance and (b) the value of this 
resistance. Since the oscillator 
tubes will draw current only while 
they are in an oscillating or 
puleing state, a voltage drop will 
appear across this resistance at 
that time only. Therefore the 
voltage drops appearing across Ro 
will occur simultaneously with 
the pulse of the oscillator mak- 
ing the RF pulsing and the trig- 
gering pulses occur simultaneous- 
ly. The polarity of these trig- 
gering pulses is positive with 
respect to ground. If negative 
pulses are also required to trig- 
ger off additional equipment 
such as a Range Marker or Cali- 


brator circuit, these pulses 
may be obtained by inserting an 
additional resistance in series 
with Ro and B minus and making 
the ground connection at their 
junction rather than at the B 
minus terminal. 


GRID LEAK RETURN TO B—PLUS 


17. Examination of Figure 
2 will reveal that the discharge 
curve of the grid condenser ie 
not linear. In fact near the 
point where oscillations start 
this curve has a pronounced 
bend. This means that the neg- 
ative grid voltage is not de- 
creasing linearly. The curve 
is formed by the RC constants 
of the grid condenser and the 
grid leak and therefore will be 
an exponential curve. As the 
grid voltage drops to a point 
where the circuit breaks into 
oscillation, it is desirable to 
have this voltage change as_. 
linearly as possible; otherwise 
the circuit may be triggered 
off before the end of the nor- 
mal rest, or “off the air" time. 
This is due to the fact that the 
discharge curve is nearly "flat* 
in the critical region where 
oscillation commences; therefore 
slight disturbances in the 
grid circuit may trigger off 
the oscillator ahead of time. 


18. The overall result is 
an unstable pulse recurrence 
frequ*ncy. Using a’tube with a 
low amplification factor will 
Overcome this condition to some 
extent, as this type-of tube 
will be less sensitive to these 
grid circuit disturbances; by 
returning the grid leak to B- 
plus, however, much better re- 
sults can be realized. To ob- 
tain this condition in the cir- 
cuit shown in Figure 5 the grid 
return lead must be discon- 
nected from the cathode circuit 
and connected to B-plus. The 
effect on the slope of the dis- 
charge curve cere from 
Gas e onenee is shown in Fig- 
ure 6. 
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Charge and Discharge taths of Grid Condenser 


with Grid Leak tied to B-plus. 


19. With the grid leak now 
returned to the plate potential, 
or B-plus, the grid condenser 
"sees" the full B-plus potential 
during the resting time. This 
positive potential is opposite 
in polarity to the charge built 
upon the near plate of the con- 
denser during the pulsing time. 
Thus, when the tube blocks, the 
condenser tends to discherge, 
then charge in opposite polar- 
ity towards the B-plus potential. 
However aS soon as the negative 
grid voltage decreases to a point 
where oscillations start, the 
drain on the grid condenser is 
stopped and it is once mare 
charged up negatively vith re- 
spect to ground. The dotted 
lines of Figure 6 represent the 
charge ,;ath of the condenser if 


it were allowed to charge to the 
full plate potential. 


20. It should be nted thiut 
the same full discharge curve of 
C, exists, but now the initial, 
mere lineer portion is used. This 
means, of course, that the resting 
time will be shorter and therefore 
a lurger value of grid resistance 
will have to be enployed to obtain 
the sure FHF. 


21. The foregoing principles 
are used in the ASB-aASE and other 
types of self-pulsing RADAR trans- 
mitters. <A push-pull circuit is 
employed for reasons of good fre- 
quency stability and high power 
output. This basic diagran is 
shown in Figure 7 in a form which 
is easily analyzed. 
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22. In Figure 7 the UHF tank 
circuit is represented by L and 
C .in the plate circuit. The grid 
circuit uses an untuned grid coil. 
Filwment rejector circuits are 
used in the cathode circuit of 
each-tube. This keeps the high- 
frequency oscillations within 
the’tube and prevents these os- 
eillations-from getting back 
- through the power supply and as- 
sociated circuits. Since one 
tube will be conducting over a 
portion of each helf of the redio 
frequency cycle, it is unnecessary 
to use eny by-pass condensers 
aéftoss the triggering pulse re- 
sistors Re and Rg. A more de- 
tailed explanation of the indivi- 
dual transmitters will be present- 
ed in later sections where spe- 
cific types of Redar gear are 
studied. 


25. Synchronizing the Block- 
in oscillator: In paragraph 17 
Tt was pointed out that as the 
grid voltaze becomes less and 
less negative, approseching the 
level whereoscillations stsrt, 
any slight disturbance in the 
grid circuit will trigger off 
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Basic Radar Self-Pulsing Transmitter. 


oscillation sooner than it 
would normelly have occurred, 
This characteristic may be used 
to advantage whenever it is deg 
sired to synchronize-the block= 
ing or pulsing action of the 
oscillator with some known fre# 
quency standerds she output 

of this frequency standard is 


“injected into the grid circuit 


of the blocking-oscillstor in 
such @ menner thet positive 
siternetions- (pulses) "trigger*® 
the grid circuit just prior to 
the time it would normally heve 
cone into oscillation. This re- 
quires thet the normsl pulse re- 
currence frequency of the oscil-— 
lator be somewhat lower then 

thst of the frequency stendard,. 


SINGL: SWING CLOCKING OSCILLATOR 


24. The single swing blocke 
ing oscillator is used primarily — 
as a pulse generetor, either 
freely running or controlled by 
a synchronizing voltage. As 
used in Eadar, there are two oute 
standing characteristics which 
a@istinguish it from the RF block- 
ing oscilletor: (a) Its funda 


subsides when the grid actually 
becomes positive with respect 
to the cathode. 


mental frequency is usually with- 
in the audio rather than the 
radio frequency spectrum. (b) An 
excesaively long time constant is 
used in its grid circuit to cause 
it to cut-off or block after only 
one cycle of operation. 


25. The oircuit consists of 
a transformer-coupled oscillator 
with a capacitor in series with 
its grid, as shown in Figure &. 
Although the grid ie returned 
through the grid leak to ground, 
4% could be returned to B-plus. 
The transformer which couples 
the plate to the grid circuit 
must offer nearly perfect coupl- 
ing and display rather high 
losses. (See paragraph 30.) 


P 





g 
Fig. 5-9: Wave-forms of Single 
Swing Blocking Oscillator, any 
= Bt = one of which may be used as the 
output. 
Fig. 5-8: Single Swing Block- 


ing Oscillator. | 

27. As soon as the plate 
current ceases to rise, the posi- 
tive potential on the grid become 
less positive--causing less plate 
current to flow, which in turn 
induces a voltage through the 
transformer depressing the grid 
still further. This process , 
continues until the grid is driven 
to cutoff, thus completing a cycle 
of operation. 


26. The action of the cir- 
cuit is as follows: The grid 
condenser ©, charged negatively 
by a preceding cycle of oper- 
ation, discharges through Rg. 
The grid becomes less and less 
negative until it reaches cut- 
off at which time the tube be- 
gins to conduct. Plate current 
flowing through the primary of 
the transformer induces a volt- 
age in the grid winding, which 26. Oscillation does not 
makes the grid less negative, etart again immediately, however, 
allowing more plate current to because the grid ourrent flow 
flow. This in turn induces a (when the grid was positive) built 


still greater change of volt- 
age on the grid. Thus a cu- 
mulative action takes place which 


up enough charge on the grid con- 
denser to maintain cutoff until 
4% leaks off through the grid 


-51- 


CONFIDENTIAL 


resistor. This action may be 
followed in Figure 9. 


29. The time consumed by the 


rise and decay of plate current 
is determined by the resonant 
frequency of the transformer, 
but the time between pulses is 
determined by the value of re- 
sistance in the grid circuit and 
to some extent by the capacity. 
An oscillator of this type may 
be readily synchronized by in- 
troducing a voltage into its 
grid circuit as discussed in 
paragraph 23. 





(A) Without Sync 


Voltage Applied 


Fig. 5-10: Synchronizing Voltage 
in Grid Circuit. 
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(B) Syne Voltage 


The slight change in PRF due to 
synchronization is apparent in 
Figure 10. 


30. The plate voltage pulse 
may actually show tendency to be 
followed by a damped oscillation 
even though the tube is cut-off 
and inoperative. This is be- 
cause of the fly-wheel effect 
of the resonant circuit composed 
of the transformer inductance 
and distributed capacity. It is 
undesirable, since only a single 
isolated pulse is usually requir- 
ed of the single cycle blocking 
oscillator; therefore the trans- 
former should have rather high 
losses in order to damp out these 
oscillations as soon as possible. 


31. By definition, a Repe- 
tition Rate Oscillator is any 
oscillator which is used to de- 
termine the pulse recurrence 
frequency of a Radar transmitter. 
It is sometimes called "*Timing* 
Oscillator or “Base® Oscillator. 
The single swing blocking oscil- 
lator is satisfactory for this 
purpose in some Radar equipments, 
and this constitutes its most 
important application at the 
present time. 
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CHAPTER VI 
Multivibrators 


1. The multivibrator is 
a form of relaxation oscillator 
consisting of two resistance or 
resistance-capacitance coupled 


amplifiers with the output of the 


second coupled back to the input 
of the first. It is highly use- 
ful in generating the waveforms 
needed in Radar circuits; being 
capable of a number of functions 
applicable in frequency multi- 
plication, frequency division, 
gate circuits, and the introduc- 
tion of time delay. for this 
reason its operation and appli- 
cations should be understood 
thoroughly be every Radar Tech- 
nician. To prepare the student 
for the standard multivibrator, 
it is helpful first to deal with 
two circuits which are similar 
to the standard multivibrator 
and which serve as a logical in- 
troduction to its basic princi- 
ples. ‘hey are the szccles-Jor- 
dan trigger circuit end the sin- 
gle kick multivibrator trigger 
circuit. 


ECCLES-JORDAN TArIGGER CIRCUIT 


2. This special form of 
multivibrator employs direct 
coupling between the plates and 
erids of the two tubes. i1t is 
not an oscillator in the true 
sense but is said to be a cir- 
cuit possessing two conditions 
of stable equilibrium. One 
state of equilibrium exists when 
Vi, of Figure 1, is conducting 
and V> is cut off; the other 
when is cut off and Vo is 
conducting. The circuit will 
remain in either one of these 
states of ecuilibrium with no 
change in plate, grid, and cath- 
ode potentials, or plate cur- 
rent, until a trigger pulse is 
applied to the grids. At this’ 
time the circuit switches, or 
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"flops" over, to the other 
state of equilibrium and re- 
mains in that condition until 
the application of another 
trigger pulse causes it to 
switch back to the original 
state. Thus its operation con- 
sists of switching from one 
State to another by the appli- 
cation of trigger pulses. for 
this reason the iccles-Jordan 
is often referred to as a "flip- 
flop" circuit. 


B+ 
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Fig. 6-1: Eccles-Jordan Trig- 
ger Circuit. 


3. In order to analyze 
the operation, assume that 
plate potentials are applied 
but not the filament voltages. 
Since the tubes will not con- 
duct the plate to cathode volt- 
ages will nearly equal the full 
Supply potential. They cannot 
quite equal the full B voltaze. 
however, inasmuch as there will 
be a Slight current flow through 
the plete load resistors R) and 
R2. This is true because 6, 
R3, and R, with ae? Ri, and Ra 
form two high resistance volt- 
age dividers in series with the 


power supply. 


LL. Whenever the filament 
voltages are applied the cathodes 
warm up and one tube or the other 
will begin conduction an instant 
sooner than the other, or if they 
do conduct at the same instant, 
one tube is apt to conduct more 
heavily than the other. It is 
inconceivable that any two tubes 
and their associated circuits 
can be go nearly identical in 
manufacture as to begin conduction 
at the same instant and increase 
conduction at the same rate. 


conducting heavily and Vo is 
cut off. All the foregoing 
action occured within a very 
brief. period of time. Vj will 
continue to conduct heavily at 
a fixed value of current and 

V.. will remain cut off until 
a°trigger pulse is applied to . 
the grids at which time the 
circuit will switch to the 
other state of equilibrium. 
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5. AS soon as conduction ( 
0 $9, 
t e 


is established, the plate curren 
of both tubes flows through the 
common cathode resistor Rj. The 
IR drop produced establishes 
both grids at some negative po- 
tential with respect to their 
cathodes. As will be seen later 
this standing bias will remain 
reasonably constant during oper- 
ation. The voltage variations 
feedback to each grid from the 
plate of the éther tube merely 
ap to or subtracts from. this 
bias. 


6. Assume that both tubes 
conduct at approximately the 
same instant but that Vj conducts 
somewhat more heavily than Voe 
The voltage at its plate becomes 
less than that at the plate of 
V, because of this heavier con- 
diiction. This falling voltage 
at the plate of V, is applied to 
the grid of V., thfough R.. This 
renders the grid of Vo more nega- 
tive with respect to its cathode 
thus decreasing its plate current 
flow. Its plate potential rises, 
this increase being coupled 
thpough Ry to the grid of V,- Vy 
grid becomes less negative, al- 
lowing more. plate current to flow. 
Its plate voltage falls still 
more, further depressing the 
grid potential of Vo. This cunm- 
mulative feedback action, once 
underway-continues to drive the 
grid of V, in the positive di- 
rection and that of V> in the 
negative direction unfil Vy is 
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Fig. 6-2: Eccles-Jordan 
Waveforms. 

7. Figure 2 illustrates 
the action upon the applica- 
tion of a series of positive 
triggering pulses from some ex- 
ternal source. Since V, is 
already conducting quite heav- 
ily, the injection of a posi- 
tive trigger pulse into its 
grid circuit can have little 
effect in increasing its plate 
current flow. It will however, 
have considerable effect on Vo 
as the highly negative poten+ 
tial on its grid will be momen- 
tarily removed. Thus Vg is 
driven into conduction; its 
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plate voltage drops sharply, 
driving the grid potential of 

Vj] in the negative direction 
which causes thattibe to con- 

. duct less and its plate poten- 
tial to rise. This rise at the 
plate of Vj drives the grid of 

Va still further in the positive 
direction reinforcing the effect 
of the trigger pulse. With in- 
creased conduction in Vo its 
Plate voltage drops even more 
driving the grid of Vy, still 
further in the negative direction. 
This cummulative action now drives 
Vi to cutoff and Vo into a steady 
etate of heavy conduction. In 
like manner the second trigger 
pulse is effective in bringing 

Vy above cutoff and returning 

Vo to a state of nonconduction. 


S. Negative trigger 
pulses can be used instead of 
positive pulses, the only dif- 
ference being that the negative 
pulses are effective on the grid 
of the conducting tube whereas 
the positive pulses are effec- 
tive on the grid of the tube 
that is cutoff. It must be re- 
alized that the time required 
for the tubes to interchange 
functions is extremely brief as 
compared to the time interval 
normally existing between trig- 
ger pulses. In Figure 2, the 
switching or "flop over" time is 
represented by the vertical sides 
of the plate waveforms. 


9. Ina practical working 
circuit the coupling resistors of 
the Eccles-Jordan are bypassed by 


emall capacitors to provide some- 


what closer coupling between 
stages. Thies reduces the switch- 
ing time by overcoming the atten- 
- uation caused by the grid cathode 
interelectrode capacities. As 
mentioned earlier, R7, the cath- 
ode bias resistor, is common to 
both tubes. Since normally only 
one tube conducts at a time the 
bias voltage drop across that : 
resistor will be fairly constant. 


As the tubes interchange functions 


an increase in current flow in 
one tube tends to be balanced by 


a corresponding decrease of 
plate current in the other. 


10. From the foregoing 
discussion, it ie evident shat 
the Eccles-Jordan executes one 
alternation for each trigger 
eee two pulses being required 

Oo bring about a complete cycle. 
It 18 possible, however, to ac- 
complish a complete cycle of 
operation with the application 
Of a single trigger pulse by 
incorporating certain circuit 
modifications. 


SINGLE KICK TRIGGER CIRCUIT 


ll. In the single kick 
trigger circuit of Figure 3 it 
will be observed that no grid 
bias is applied to Vo. The 
grid is returned to the cathode 
through Re; therefore under static 
conditions the grid will be at 
the same potential as the cath- 
ode. This allows Vo to conduct 
quite heavily. Ite plate cur- 
rent flows through Ry causing 
@ large voltage drop across 
that resistor. The voltage 
thus developed is of sufficient 
amplitude to cut V, off. Thie 
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| Co Charging ——» 
RyuOa Discharging... 


Fig.6-3: 


Single Kick Trigger 
Circuit. 
then, is the one state of equil- 


ibrium that can exist in the 


Circuit; V, cutoff, Vo conduct- 
ing heavily. The condition will 
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continue unchanged until the ap- 
plication of a positive trigger 
pulse to the grid of V1. With 

VV; cutoff, the voltage at its 
plate, with respect to ground, is 
the full supply potential. The 
voltage at the vlate of Vj is 
much lower due to its heavy con- 
duction and consequent IR drop 
across Ro. Since the voltage at 
the plate of V2 tends to be the 
full supply voltage, C2 will be 
-. arged up to that potential 
through R,, the grid-cathode 

path of v3. and R}. Its charge 
and discharge paths are indicated 
in Figure 3. 


12. Figure 4 illustrates 
the action taking place when 
p:. sitive trigger pulses are ap- 
plied to the grid of Vj. The 
positive pulse removes the neg- 
ative potential from the grid of 
Vi, driving that tube into con- 
duction. The instant it goes 
into conduction its plate volt- 
age drops from the full B plus 
value to a much lower level. 


Trigger Pulses 


4 





Fig. 6-4: Waveforms of Single 
Kick Trigger Circuit. 


As Co was charged up to the 
higher level, it now tends to 
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discharge down to the new level 
present at the plate of Vj. 
But, since its discharge path 
consists of the low resistance 
cathode-plate path of V), and 
the high grid resistance of Vo 
(R5) it cannot change its charge 
immediately, therefore, the en- 
tire change of voltage between 
the cathode and plate of VY] ap- 
pears instantaneously at the 
grid of Vo across R5. This 
drives the grid of V2 from zero 
volts with respect to its cath- 
ode to the new negative value 
greatly reducing its plate cur- 
rent flow. 


13. The reduction in the 
plate current of V> lessens the 
IR drop across Rj, fnus reducing 
the grid to cathode voltage of 
Vz, resulting in a still heavier 
siete current flow through that 
tube and a still greater drop in 
its plate potential. This cum- 
mulative process continues un- 
til V2 is cut off and V, is con- 
ducting heavily. 


14. As can be seen from 
Figure 4, the foregoing action 
takes place within a very short 
period of time after the trig- 
ger pulse is applied to the grid 
of Vj. The voltages at the 
plates of the two tubes have 
switched to new levels and will 
remain so as long as V2 is cut- 
off. Since the voltage at the 
plate of Vz has risen to the B 
plus value and its plate cur- 
rent stopped it can have no 
further effect on V; via the 
common cathode cpupling as long 
as it is cut off. 


15. Unlike the Eccles- 
Jordan circuit, the present con- 
dition will not continue indef- . 
initely since Vp is maintained 
in a blocked condition by the 
charge on a condenser, C2. AS 
soon as the discharge current 
of Co decays to such a value 
that the IR drop produced across 
Rs5 is no longer sufficient to 
maintain V2 at cutoff, this con- 
dition is terminated. As V2 
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goes into conduction again the 
additional current drawn through 
Ry renders the cathode of Vz 
more positive with respect to 
ground which has the eame effect 
as making the grid more negative 
with respect to its cathode. 
This results in an abrupt de- 
crease in plate current through 
V}, and consequently an increase 
in ite plate voltage. now 
tends to charge up to this new 
level. This causes the grid of 
Vo to become positive, with re- 
spect to its cathode, greatly in- 
creasing its plate ourrent flow 
which produces a much larger 
voltage drop across Ry. e in- 
crease in the cathode voltage of 
V, causes its plate current to 
decay further, resulting ina 
higher voltage at its plate. 

Co charges rapidly to this new 
level through the low resistance 
cathode-grid path of Vo. 


16. The cummulative action 
underway, ina very brief period 
of time, restores VY) to its orig- 
inal cutoff state and Vo into one 
of heavy conduction. Circuit 
voltagesare now stabilized at the 
same levels as before the trig- 
ger pulse was applied, thus 
completing a full cycle of op- 
peration since the application of 
the trigger pulse. This return 
to the original condition was ac- 
complished within the circuit 
automatically, in contrast to 
the Eccles-Jordan which required 
a second trigger pulse. 


a sawtooth rather than a square 
wave. 


BALANCED MULTIVIBRATOR 


18. The two circuits just 
described operated only when 
triggered from some external 
source. The standard multivi- 
brator does not require extern- 
al trigger pulses since each 
tube serves to trigger the other 
and thus maintain operation. 
Basically, the multivibrator is 
considered to be.a form of re- 
laxation oscillator because of 
the fact that its operation de- 
pends upon the charging and dis- 
charging of condensers through 
resistances. The cirouit for a 
typical, simplified multivibra- 
tor is shown in Figure 5. 





Fig.6-5: The Standard Multi- 
vibrator. 


The width 
of the plate waveforms may be var- 


19. Consider what happene 


led over a wide range by changing in this circuit when the power 


the value of which alters the 
RC time constant of the discharge 
path of Co controliing the period 
of time that Vo is cutoff. 


17. It is possible to use 
this circuit as a Radar indica- 
tor sweep generator. This may 
be effected with the addition of 
a condenser connected between the 
cathode and plate of Vo. The 
size of Ro and the additional 


condenser must be selected to 
provide the desired time con- 


atant. The output wave is then 


up to the full supp 


supply is first turned on. At 
the firet instant that power 
ie applied, there will be no 
plate current flow through ei- 
ther V, or Vo since the cathodes 
of these tubes are not yet at 
Operating temperature. Thus, 
Since there is no plate current 
flowing through the tubes, the 
condensers ©, and Ce will charge 
y voltage 
through the grid leak and plate 
resistors, if sufficient time 
elapses. 
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20. For purposes of ex- 

pees assume that C, and C2 

ecome fully charged to’ the full 
plate supply voltage (300 v. in 
this example) some time before 
the tubes begin to conduct plate 
current. If these condensers 
are fully charged, the grid to 
ground or grid to cathode poten- 
tial must be zero. (Since in 
any case the voltage from grid 
to ground must be the difference 
between the voltage at the plate 
of the other tube minus the volt- 
age charge on the grid condenser.) 


21. Again it may be rea- 
soned that both tubes will not 
begin to conduct at exactly the 
same instant, or that both tubes 
will begin to conduct at exactly 
the same rate. 


Suppose V5 begins 





conducting plate current sooner 
than V., and because of the volt- 
age ardp across the plate resis- 
tor due to plate current flow, 
its plate voltage drops to 200 
volts. Since a condenser can- 
not change its charge (volt- 

age across its terminals) in- 
stantaneously, the voltage at 
the plate of V., drops from 300 
vy. to 200 v. (& change of 100 
v.) The grid voltage of V) 
must drop to -100 v. with re- 
spect to ground. This is shown 
at point Ga) in Figure 6. This 
negative potential, since it is 
greater than that required to 
cut off V,, will prevent V) from 
conducting even though its cath- 
ode may now be heated up to the 
temperature required for the 
normal operation of the tube. 


(a) Grid V, driven negative 
when plate voltage of V5 drop- 
ped. 


(do) Grid V, becoming less neg- 
ative as ©, discharges through 
R, and Vo. 


(c) Plate voltage does not 
rise to B plus instantaneously 
due to Ik drop across plate re- 
sistor caused by charging cur- 
rent of Co. 


(ad) Plate voltage drops below 
static level because grid was 
driven positive (above zero). 


(e) Grid driven positive by 
rise of plate voltage of other 
tube. 


(f) Plate voltage does not rise 
to B plus instantaneously due to 
IR drop across plate resistor 

caused by charging current of Cy. 


(g) Grid V, driven negative when 
plate voltage of V, dropped. 


(nh) Grid Va becoming less neg- 
ative as Cp discharges through 


Fig. 6-6: Typical Multivibrator Waveforms. 
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° nee the charge on C) 
is 300 volts and the voltage at 
the plate of V2 is only 200 volts, 
with respect to ground, it is 
evident that C) must discharge 
by 100 volts. Electrons cannot 
flow from grid to cathode in any 
vacuum tube so the discharge path 
of C) must be down through the 
grid-leak resistor R,. It will 
be recognized that while C, is dis- 
charging, electrons must be trans- 
ferred from the left-hand plate of 
Cy (Figure 6) around to the other 
plate, and that as V2 is conduct- 
ing heavily its resistance from 
cathode to plate is low. This 
provides a path for electron flow 
as 0, discharges; namely, down 
through R), up through V2, to the 
other plate of C1. This dis- 
charge path is shown in Figure 7. 


23. Now the negative volt- 
age (-100 v.) appearing at the 
grid of V] was initially the dif- 
ference between the voltage at 
the plate of V2 (200 v.) and the 
charge of C1 (300 v.). As Cy dis- 
charges exponentially, this volt- 
age difference will decrease; or, 
in other words, the grid will be- 


come less negative as C) discharges. 


This is shown at (b) in Figure 6. 


V2 





Fig. 6-7: Discharge Path of Cj. 


24. As C) discharges, the — 
grid of V] becomes less negative 
and will eventwlly rise above 
cutoff, allowing plate current to 
begin to flow through Vj. Plate 
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current flow will cause an IR 
drop to develop across the 
plate resistor of V] which in 
turn will drop the voltage at 
the plate of Vj] to some value 
less than the supply voltage. 
As in the case of V2, assume 
that this new level of plate 
voltage is 200 volts. 


25. It will be recalled 
that C2 also was initially 
charged up to 300 volts and so 
when the voltage at the plate 
of V} drops by 100 volts, the 
grid of V2 will drop by 100 
volts. In other words, the 
grid of V2 will drop to a po- 
tential of -100 volts with re- 
spect to ground and Vo will be 
cut off. | 


26. When Vo is cut off by 
the action just described, 
there will be no plate current 
flowing through the plate re- 
sistor of Vo, the voltage at 
the plate of Vo will rise to 
the supply potential (300 v.) 
and Cj will stert to recharge. 
This sudden rise in plate volt- 
age must appear on the grid of 
ee C) cannot change its 
charge instantly. Thys, the 
grid of Vl] becomes positive with 
respect to the cathode. C, will 
charge mainly through the path 
offering the least resistance 
to electron flow and since the 
resistance between cathode and 
grid of any tube is low when 
the grid is driven positive with 
respect to the cathode and grid 
current is flowing, it follows 
that the condenser C) will charge 
through Vj. The complete charge 
path of Cy, is shown in figure &. 





Fig. 6-8: Charge Path of Cy 
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° nee the charge on (C) 
is 300 volts and the voltage at 
the plate of Vgis only 200 volts, 
with respect to ground, it is 
evident that C, must discharge. 
by 100 volts. Electrons cannot 
flow from grid to cathode in any 
vacuum tube so the discharge path 
of Cy must be down through the 
grid-leak resistor R,. It will 
be recognized that wihiile C, is dis- 
charging, electrons must be trans- 
ferred from the left-hand plate of 
a (Figure 6) around to the other 
plate, and that as Vo is conduct- 
ing heavily its resistance from 
cathode to plate is low. This 
provides a path for electron flow 
es C, discharges; namely, down 
through R;, up through V9, to the 
other plate of C,. This dis- 
charge path is shown in Figure 7. 


23. Now the negative volt- 
age (-100 v.) appearing at the 
grid of Vy, was initially the dif- 
ference between the voltage at 
the plate of V5 (200 v.) and the 
charge of C, (300 v.). As Cj dis- 
charges exponentially, this volt- 
age difference will decrease; or, 
in other words, the grid will be- 
come less negative as C) discharges. 
This is shown at (b) in Figure 6. 





Discharge Path of Cj. 


24. <As Ci discharges, the 
grid of V, becrmes less negative 
and will eventually rise above 
cutolIf, allowing plate current to 
begin to flow through V,. Plate 
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Vz 


current flow will cause an IR 
drop to develop across the 
plate resistor of V, which in 
turn will drop the toltage at 
the plate of V, to some value 
less than the supply voltage. 
As in the case of Vo, assume 
that this new level of plage 
voltage is 200 volts. 


25. It will be recalled 
that C>5 also was initially 
charged up to 300 volts and so 


when the voltage at the plate 


of V, drops by 100 volts, the 
grid of Vo will drop by 100 
volts. In other words, the 
grid of Vo will drop to a po- 
tential of -100 volts with re- 
spect to ground and Vo will be 
cut off. 


26. When V2 is cut off by 
the action just described, 
there will be no plate current 
flowing through the plate re- 
sistor of V5, the voltage at 
the plate of V> will rise to 
the supply potential -(300 v.) 
and C) will start to recharge, 
This sudden rise in plate volt- 
age must appear on the grid of 
Vy as Cy) cannot change its 
phere nstantly. Thus, the 
grid of V) becomes positive with 
respect to the cathode. (C, will 
charge mainly through the path 
offering the least resistance 
to electron flow and since the 
resistance between cathode and 
grid of any tube is low when 
the grid is driven positive with 
respect to the cathode and grid 
current is flowing, it follows 
that the condenser C) will charge 
through V,. The complete charge 
path of C, is shown in figure 8. 





Fig. 6-8 Charge Path of Cy 
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of Vj will rise exponentially 

as C2 charges, and will be equal 
to the supply voltage only when 

Co is fully cherged, (point "c" 

Figure 6). 


32. At low frequencies, 
this time required for the plate 
voltage of Vj, to rise to the sup- 
ply potential is such a small 
percentage of the time V; is cut- 
off that the output voltage may 
be an excellent rectangular wave. 
As the frequency is increased, 
however, the length of time re- 
quired for the plate voltage to 
rise becomes a greeter percent- 
age of the time the tube is cut- 
off and so this effect becones 
noticeable. Reducing the size 
of the plate resistors reduces 
the rounding effect of the plate 
voltage waveforms. In other 
words, the KU time constant for 
the charge of Co is reduced but 
this also reduces the output. 
Reducing the size of C, or Co 
would reduce this time and give 
a better square-wave at each 
plate but this decreases the 
grid circuit capacity, thus in- 
creasing the frequency. 


33. Realizin;s that it is 
the charge on a condenser in the 
grid circuit which actually 
causes each tube to be cut off 
in turn, it should be evident 
that the length of time either 
tube is held in a cutoff condi- 
tion can be changed by changing 
the 2C time constant of the erid 
circuit. If the time constants 
of both grid circuits are in- 
creased, it is evident that the 
time thet each tube is cut off 
will be greater and hence the 
frequenc,; will have been de- 
creased. AS & rouzh approxima- 
tion, the time required for C 
to discharge is considered to 
be Ry) Cy seconds end tne ti:.e re- 
quired for C2 to discharge is 
R2Ca seconds; the total time for 
one cycle being Ry Cy plus R2C., 
seconds. The frequency of os= 
cillation is the reciprocal of 
the tine for one cycle: 
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1 
f= RIC] +R2C2 

From the above discussion it may 
be seen that in order to change 
the frequency of operation it isa 
necessary only to change the RC 
time constant of either one or 
both of the grid circuits. 


34. If the RC time con- 
stant of both grid circuits is 
the same, the length of time 
each tube is cut off is the same 
This is commonly referred to as 
a "balanced condition”. In this 
case, the time width of the pos- 
itive pulse on either plate is 
the same ss the length of time 
between each pulse. 


UNBALANCED MULTIVIBRATOR 


35. In some Radar appli- 
cations of the multivibrator, it 
is desirable to obtain a pulse 
of short time duration with a 
longer period of time between 
pulses. To do this it is .necess- 
ary to make the time constant of 
one grid circuit greater than 
the time constant of the other. 





I v2 
cutoff cutoff ; 
Fig. 6-12: Waveforms of an Un- 
balanced Multivibrator. 


Thus, the time of cutoff of one 
tube is greater than the time of 
cutoff of the other tube. These 
time relations are illustrated by 
the waveforms of Figure ll. In the 
case illustrated in Figure ll, the 
RC time constant of the grid cir- 
cuit of Vy is approximately one 
fourth that of the time constant 
for the grid circuit of Vo. This 
is commonly referred to as an "un- 
balanced" condition, 


ELECTRONIC SWITCH 


56. There are a number of 
instances in Radar installations 
where a multivibrator, synch- 
ronized with the local repeti- 
tion rate control, is used to sen- 
sitize or desensitize various cir- 
cults during some portion of the 
operating cycle. To accomplish 
this, the square wave output of 
the multivibrator, taken from 
either plate or cathode, is ap- 
plied to either grid or cath- 
ode of one or more tubes of the 
circuits to be gated, driving 
those tubes into conduction or 
cutoff as the case may be. The 
RC time constants of the multi- 
vibrator are adjusted until the 
width of its output pulse persists 
over the desired period of time, 





Fig. 6-123 


57. Figure 12 illustrates 
the application of a multivibra- 
tor as an electronic switch to 


-62- 


permit simultaneous observation 
of two different waveforms on 

a single cathode ray screen, 
Obviously, signals 8, and 8 
could not be applied to a | or 
pair of vertical defleoting 
plates at the same time and pro- 
duce any satisfactory results. 
however, if it is arranged to 
apply first one and then the 
other, switching back and forth 
rapidly enough, it would appear 
that both signals were contin- 
ually present on the screen. 


58. In operation both sige 
nals are present at the grids of 
V3 and V4, however, only one at 
a time appears at the output. 
This is due to the switching 
action of the multivibrator cone 
sisting of V) and Vo. Assume 
that Vo is conducting. The po- 
sitive square wave potential 
developed at its cathode is ap- 
plied to the cathode of Vg driv- 
ing it to cutoff thus prevente 
ing 8) from getting through to 
the output. Meanwhile Vq is 
not conducting and the only po- 
tential present at its cathode 
is that caused by the normal 
plate current flow of Vs, 
through the common eathode ree 
sistor. Vg then is conducting 


(A) 


(B) 


Simple Electronic Switoh 


and passing Sg on through to 
the output. As the multivibra- 
tor tubes exchange functions, 
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3 and V, ewise change, V3 
becoming cutoff and excluding 
So while V, conducts and pass- 
es S,. This switching is done 
rapidly enough that the eye 
sees the scope pattern at "A" 
where the two trases are super- 
imposed, one above the other. 


39. <A further improvement 
can be made if the switching 
potentials at the cathodes of 
the multivibrator are also 
superimposed upon the vertical 
position voltage at the oscil- 
loscope. This would cause the 
trace to move abruptly up or down 
each time switching takes place 
and it would retain its level 
on the screen for the duration 
of the square wave at the 
multivibrator cathode. The 
two traces would then appear 
separated as at "B" of Figure 


SYNCHRONIZATION 


40. Another feature of a 
multivibrator circuit often ap- 
plicable in Radar is that it 
may be synchronized very read-~ 
ily to some control frequency 
which is injected into the cir- 
cuit. For example, if it were 
desired to have the multivibra- 
tor operate at 800 cycles per 
second, an 800 cycle voltage 
may be injected into one of the 
grid circuits and the amplitude 
adjusted so that, as the grid 
voltage is rising toward cut- 
off, the injected voltage will 
raise the grid potential enough 
to "trigger" the circuit just 
before its normal time. In this 
way stability of the multivibra- 
tor frequency may be obtained 
which will be as good as the free 
quency stability of the device. 
supplying the control voltage. 


TAINING MULTIVIBRATOR 


hl. The sustaining multi- 
vibrator, or Franklin oscillator, 
employs a multivibrator type cir- 
cuit ‘to sustain oscillations in 
an IC tank. In Figure 13, Sw} 


and Sw2, are included merely 
to aid in the analysis of the 


circuit. Assume that both 
switches are open. This iso- 
lates the circult of V5 and V 


which is essentially an ordin&ary 
RC coupled multivibrator. The 
circuit will then oscillate in 
the usual manner producing 
square waves at the plates of 
both tubes. Now consider the 
action when Sw2 is closed. This 
connects LC with its low DC ree 
Sistance in parallel with R3, 

or in other words, between the 
grid of Vo and ground. With 
such a low resistance present, 
the grid of Vo can no longer be 
blocked in the usual manner and 
the multivibrator ceases to 
function as such. However, the 
instant Swo is closed the in- 
stantaneous potential present 
across R. due to previous multi- 
vibrator’ action is sufficient 
to shock IC into oscillation at 
its resonant frequency (Sw, is 
still open). Its resonant fre- 
quency is usually many times. 
higher than that at which the 
multivibrator alone would oper- 
ate. 


42. The shock excited os- 
clllations in LC normally would 
be damped out within a short 
space of time due to the usual 
losses encountered in a tuned 
circuit. However, the presence 
of the multivibrator circuit, 
which now acts merely as a two 
stage regenerative amplifier, 
feeds back sufficient energy 
into LC to sustain its oscilla- 
tions at the resonant frequenc 
of the tank, and not at the fre- 
quency determined by the RC con- 
stants in the grid circuits of 
the multivibrator. 


43. To examine the opera- 
tion in more detail assume that 
the leading slope of the first 
sine wave alternation developed 
across LC drives the grid of V 
in the negative direction. This 
causes the plate current flow to 
decrease and the voltage at the 


plate of V2 to rise in the pose 
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itive direction. This positive 
going voltage is applied to the 
grid of V. increasing the plate 
current flow of that tube caus- 
ing its plate voltage to fall in 
the negative direction. The neg- 
ative going voltage is coupled 
back to the grid of Vo thus re- 
inforcing the oscillatory action 
of LC and producing a still more 
negative potential at the grid 

of V2. This one way action will 
not continue indefinitely since 
it must follow a sinusoidal cur-, 
ve due to the flywheel action of 
the LC tank. 
across LC are augmented by feed- 
back from the multivibrator cir- 
cuit which sustains the oscilla- 
tions in the tank at a high amp- 
litude. 


Vi LL 
He) 
Bw. LU 
Gating 
Pulse 
co 
Cari L 
ae 
Fig. 6-13: 
Li. The grids of the multi- 


vibrator tubes should not be al- 
lowed to go positive with respect 
to their cathodes during oper- 
tion, particularly the grid of 
V2 since its conducting cathode- 
grid path would constitute a low 
resistance in parallel with LC 
and would probably prevent sus- 
tained oscillation because of the 


heavy dampening effect introduced. 


Therefore, cathode resistors, R. 
and x- are employed with Va and“V3 
to biaés those tubes to the more 

limear part of their characteris- 


tic Og - 1p curves. 
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Thus voltage changes 


45. The franklin oscilla- 
tor just described is used in 
some range marker systems (Chap- 
ter XVIII, Paragraph 6). The 
sine wave oscillations across 
LC are passed through a limiter 
anplifier, a sharpening amplifi- 
er (actually another shock oscil- 
lator circuit), and a biased 
cuthode follower to produce. sharp 
positive pips to be applied to a 
PPI or similar type indicetor 
CaT. Obviously, some method is 
required to start and stop the 
oscillations in the tank so that 
they coincide with the time- 
duration of the indicator sweep. 
This gating action can be effec- 
ted by means of V,. With Sw, 
closed, a heevy current flows 
through L and the cathode-plate 


Sustaining Multivibrator. 


path of Vij. In effect the low 
impedance of the heavily con- 
ducting tube, in series with 
the neglible impedance of the 
power supply, is in shunt with 
LC. This introduces such heavy 
losses that oscillations in 

LC are impossible even with 

the aid of the multivibrator 
circuit. 


46. To gate the oscilla- 
tor a negative squere wave is 
applied to the grid of V, and 
is of sufficient amplitude 'to 
cut it off. The duration of 
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e indicator sweep and the lead- 
ing edge of the square wave must 
correspond to the beginning of 
the indicator sweep. V, is then 
cut off by the square wave the in- 
stant the trace bezins and the 
abrupt secession of current flow 
through L shocks LC into oscilla- 
tion. The first alternation ap- 
pearing across LC is negative 
with respect to ground énd coin- 
cides with the start of the in- 
dicatar sweep. Oscillations 
continue for the duration of the 
sweep being interrupted abruptly 
at its conclusion as the negative 
gating pulse is removed from the 
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grid of V,. These oscillations. 
normally qcuped. are sustained 
at a constant amplitude by en- 
ploying the Franklin oscillator 
as shown in Figure 12. 


47. Another modification 
of the multivibrator in which 
the feedback from the second 
stage to the first occurs 
through the c=thode circuit is 
sometimes employed to produce 
range markers on the Radar in- 
dicator screen. This is known 
as the "Range Marker Multivibra- 
tor" and is described later in 
Chapter XVIII, Paragraph 7. 
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CHAPTER VII 


Transmission Lines And Antennas 


TRANSMISSION LINES 


1. A transmission line is 
any arrangement of two parallel 
conductors used to convey radio 
frequency energy from its source 
to the device in which that 


energy is to be usefully expended, 


as from a transmitter to an an- 
tenna or from an antenna to a 
receiver. Such lines must be de- 
signed to transmit energy from 
one point to another with minim:m 
loss either by radiation, or by 
heating in resistances or in 
neighboring conductors or dielec- 
trics. There are three general 
types of tranmission lines en- 
ployed in Radar. They are the 
open wire line, the shielded 
pair and the coaxial line. 





Fig. /-1: Open Wire Line Link- 
ing a Transmitter RF Tank Coil 
With an Antenna. 


2. The open wire line is 
rather simple in construction; 
consisting of two open, parallel 
wires separated at intervals by 
insulating spacers. The spacers 
are made of a variety of insula- 
ting materials of which the plas- 
tic, polystyrene is typical. The 
outstanding advantages of such a 
line are its simplicity am low — 
cost. On the other hand its dis- 


advantages are rather serious 
for aeronautical work. First, 
it is hardly compact or flexible 
enough to be used within the 
crowded confines of an airplane. 
Second, considerable energy 
would be absorbed from the line 
by the fuselage or other nearby 
metallic objects. For these 
reasons the open line is not of- 
ten used in airborne Radar, the 
Shielded pair and the coaxial 
line being more adapted to air- 
craft installations. However, 
the open line does serve to il- 
lustrate many of the basic prin- 
ciples of all transmission lines 
some of which will be discussed 
at this point. 


Fig. 7-2: Distributed Constants 
of a Transmission Line. 


2: Transmission lines 
might be further defined as 


those circuits whose constants 
(resistance, inductance, capa- 
city and leakage) are evenly dis- 
tributed throughout their length, 
It is an accepted fact that even 
a piece of straight wire has a 
certain amount of distributed in- 
ductance. Since a transmission 
line cmsists of two cmductors 
separated by a dielectric, it 
follows that there is a certain 
amount of capacity between the 
condu.ctors distributed along 
their length. In effect, tisn, 
there is distributed inductance 
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acting in series all along the 
line and capacity distributed 
‘across the line as visualized in 
Figure 2. As every anit length 
has its capacity and inductance, 
any wave traveling on that line 
is continually delayed or retard- 
ed in phase. After some number 
of unit lengths have been trav- 
ersed the wave will have been re- 
tarded a Gomplete 360 degrees in 
phase--this tength is called a 
wavelength and is especially im- 
portant since it largely deter- 
mires the action of the line. 


hk. Characteristic Imped- 
ance: The presence o nduc- 
tance and capacity along a trans- 
mission line is responsible for 
the existance of one of its most 
important properties, the charac- 
teristic impedance, Zo 
sometimes called the surge 
impedance. The characteristic 
impedance is the impedance which 
an infinitely long line would 
present to an electrical impulse 
induced in the line, and is im- 
portant in determining the opera- 
tion of the line in conjunction 
with the apparatus to which it 
is connected. Zo is a pure re- 
sistive impedance, its value in 
ohms being determined by the 
square root of the ratio of the 
inductance to capacity per unit 
length of line. 


For all practical purposes it 

is independent of the total 
length of the line or the fre- 
quency transmitted. Inasmuch 

as the amount of inductance and 
capacity per unit length of line 
are largely determined by the 
rire size and spacing it is much 
easier to calewlate the imped- 
ance of an unknown line from 
these physical dimensions. For 
an open pair line: 


Zo = 276 log 2D 
where "D" is the spacing center. 
to center from one conductor to 
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the other, and "ad" is the di- 
amter of the conductor. 


peconiincnad 


Fig. 7-3: Dimension of Open 
Pair Line Used in Computing Z, 


"D" and "d" may be measured 
with calipers and if an impe- 
dance chart with D/d plotted 
against Z. is available, the 
determination of the unknown 
Zo may be simplified without 
having to solve the formula. 
In many instances it is pos- 
sible to obtain the manufac- 
turers specifications. which 
may be attached to the spool 
on which the line is wound. 


5. Shielded Pair: The 
shielded pair e consists of 
two parallel conductors sepa- 
rated from each other and sur- 
rounded by an insulating di- 
electric material, such as 
the plastic copaline, and is 
contained within a copper 


' praid tubing which acts as a 


shield for the conductors. 


Rubber coveri 
Dielectric Mpa OSE ane 


material 





0 r 
End View Shielded 


Fig. %-k: 
Pair Line 


This assembly is covered with 
a rubber or flexible composi- 
tion coating to protect the 
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line against moisture and fric- 
tion. Its outward appearance is 
much like that of an ordinary 
power line. 


6. The most outstanding ad- 
vantage of the shielded pair is 
the fact that the two conductors 
are "balanced to ground", i.e., 
the capacity between each con- 
ductor and ground is uniform 
along the entire length of the 
line. This is effected by the 
grounded shield which surrounds 
the conductors at a uniform 
spacing throughout théir length. 
To appreciate this improvement 
consider the open pair or un- 
Shielded line. If radiation 
from such a line is to be pre- 
vented the opposing current 
flow in each conductor must be 
equal in amplitude to set up 
equal and opposite magnetic 
fields and thereby cancel out. 
This condition may be obtained 
if the line is well in the 
clear of all obstructions; but 
suppose the line runs near some 
grounded or conducting surface, 
and that one of the two conduc- 
tors is nearer that obstruction 
than the other. A certain amount 
of capacity will -exist between 
the two conductors and the con- 
ducting surface over a length 
of the line depending upon the 
size of the obstruction. This 
capacity acts as a parallel 
conducting path for each half 
of the line causing a division 
of current flow between each 
conductor and the interfering 
or stray capacity. Since one 
conductor is nearer the ob- 


struction than the other the 2 


division of current flow will 
be greater on one line, result- 
ing in an inequality of cur- 
rent flow in the two condiuc- 
tors, incomplete cancellation, 
and radiation. 


7. Thus it can be seen 
that the shielded pair, because 
of its grexter flexibility and 
balance, is more suited for air- 
craft installation than the open 
pair. The principal use of the 
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shielded pair, at the present 
time is in the older meter 
search equipment, between the 
transmitter and the antenna. 
The trend in more recent equip~ 
ments is to employ coaxial line 
or waveguide. 


$. Since the spacing be- 
tween the two conductors "D", 
Figure -3, 1s considerably less 
than that of an open pair tne 
capacity per unit length is in- 
creased. There is a further in- 
crease in capacity due to the 
presence of the insulating ma- 
terial between the conductors 
which has a higher dieiectric 
constant than air. The increased 
capacity results in a lower 
characteristic impedance. The 
Zo of the shielded pair may be 
determined by the same formula 
given for the open pair if the 
results obtained are multiplied 
by the "propagation constant", 
Ps sometimes called the velo- 
city constant. This is neces- 
sary since the increased capace- 
ity of the shielded pair causes 
it to retard a wave more per unit 
length than does the open-line. 
The propagation constant is equal 
to the square root of the re- 


giprocal of the dielectric con- 


stant. If the dielectric con- 
stant is not known the propagation 
constant may be determined by the 
use of slotted line equipment. 


9. Coaxial Line: The . 
small, lightweight, coaxial or 
concentric line is the most ef- 
ficient and widely employed type 
of line in use at the ordinary 
ultra high frequencies. There 
are two general types used in 
airborne Radar, the first or 
rigid type consists of a solid 
conductor mounted along the axis 
of an outer metal tube which is 
the other conductor. The spac- 
ing between the two is maintained 
by ceramic or plastic beads plac- 
ed at intervals within the line. 
The line is usually sealed and 
filled with air through a valve 
at about sea level pressure, or 
is exhausted of air and filled 


with dry nitrogen gas at low 
pressure. In either case the 
purpose is to minimize the 
collection of moisture and pre- 
vent arcing over between the con- 
ductors at high altitudes. The 
second, flexible, type of coax- 
jal line consists of a solid or 
stranded conductor mounted along 
the axis of a tubular, outer 
metal braid with continuous rub- 
ber or flexible plastic insula- 
tion between the two conductors 
or hard plastic insulation such 
as polystyrene in the form of a 
continuous series of beads. 





a 

Dielectric | | Rubber 
material . ne id 1 sheath 
Inner 

conductor 

Fig. 7-5: End View of Coaxial 


Line. 


10. The outer conductor in 
addition to its ordinary function 
acts as a shield for the RF 
energy passing along the line. 
Due to the usual skin effect at 
ultra high frequencies the energy 
on the inner conductor travels 
along its outer skin. However, 
the energy on the outer conductor 
travels along its inner skin. 
This peculiar fact may be attri- 
buted to the usual skin effect 
plus the fact that at correspond- 
ing points on the two conductors 
the instantaneous potentials are 
equal and opposite and therefore 
attract each other. Since the 
RF energy is on the inside of 
the outer conductor the outside 
is said to be "cold" and acts as 
a shield preventing radiation of 
the RF energy within the cable 
and undesirable pickup from in- 
terfering sources. 


ll. The characteristic im- 
pedance of the coaxial line, may 
be determined from its physical 
dimensions by 


Zq = 138 log a 


where "D" is the inside diameter 
of the outer conductor and "a" is 
the outer diameter of the inner 
conductor. In applying this for- 
mula to the rigid type of line 
the propagation constant may be 
assumed to be nearly the same as 
that of free air. -In the case of 
the flexible line with its solid 
dielectric, the results obtained 
by the formula must be multiplied 
by the propagation constant since 
the velocity of a wave in such 
lines may be reduced to 75% or 
less of that in free air. 


STANDING WAVES 


12. Figure 6 depicts the 
voltage distribution and attenu- 


-ation along a line that for all 


practical purposes is infinitely 
long as compared with the wave- 
length of the RF energy that is 
supplied by the generator. For 
convenience this drawing and 
others that are to follow are 
illustrated with open pair lines 
although the basic principles 
apply as well to the other types. 





RF voltage or current 
Voltage Distribution 
On An Infinitely Long Line. 


13. To the RF voltmeter 


Fig. 7-6: 
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placed at some point along the 
line there appears a rapid suc- 
cession of. voltage maxima and 
minima. The voltmeter is de- 
Signed to indicate some average 
value of either the positive or 
the negative alternations. As 
the meter is moved down the line 
the magnitude of the voltage in- 
dicated slowly decreases due to 
the attenuation of the signal 
as the distance from the source 
increases. Eventually a point 
is reached where*the voltage 
reading will be zero. An in- 
finitely lmg line therefore 
reflects no energy back to the 
source; it is.all lost or dis- 
Sipated in the line. The at- 
tenuation is due to radiation, 
heating of the wires and leak- 
age through the air or other 
insulating material between the 
wires. This loss of energy 
along the line takes place 
logarithnically, and is measur- 
ed in decibels per unit length. 


14. Radiation loss fron 
the line is minimized when the 
two conductors are spaced a 
small fraction of a wavelength 
from each other allowing the 
opposing electro-magnetic fields 
to cancel each other. It is 
natural for these fields to be 
opposing each other since the 
current which cause them are 
always flowing in opposite di- 
rections at corresponding points 
along the line. This follows 
from the simple fact that the 
two conductors are tied to the 
opposite terminals of the gen- 
erator. The two other losses 
mentioned can be reduced to 
some extent by employing con- 
ductors with low RF skin resis- 
tance together with high quality 
insulating material and insuring 
that moisture is not allowed to 
get into the line. 


15. If a line of some 
finite length is terminated in 
a resistance equal to its Charac- 
teristic Impedance any RF energy 


applied to the input end will be 
dissipated in that resistance 





and none will be reflected back 
to the source. To the source the 
line presents an impedance equal 


to its characteristic impedance 


just as if it were an infinitely 
long line. If the length of 


line is but a few feet the line 
loss will probably not be very 
great and the RF voltmeter read- 
ing will be practically constant 
when moved almg the line. 


R=Zo 





Any length of line 


Fig. 7-7: Line Terminated In 
A Resistance Equal To Its 
Characteristic Impedance. 


é 


16. If a line is terminated 
in a short circuit there is no 
load resistance in which to dis- 
sipate the energy therefore it 
is reflected back toward the 
source. The reflected voltage 
and current waves from the short- 
ed end as they travel back along 
the line become in phase and out 
of phase with the outgoing 
waves from the RF generator. 
This results in the two compo- 
nents, the original and the re- 
flected waves, cancelling out 
and reinforcing each other at 
periodic intervals along the 
line. The position of these 
standing waves can be checked 
with the RF voltmeter. As in- 
dicated in Figure 8, cancel- 
lation takes place at any even 
number of quarter waves from 
the shorted end resulting in 
voltage minima while reinforce- 
ment takes place at odd quarter 
wave intervals from the end re- 
sulting in voltage maxima. Cur- 
rent maxima and minima are dis- 
placed a quarter wave or 90 elec- 
trical degrees from the voltage 
maxima and minima. Note that. 
the first voltage minimum and 
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current maximum occurs at the 
shorted end. This is logical 
since high current and low volt- 
age are to be expected at a short 
circuit. 
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RF , 
Shorted 
Fig. 7-8: Line Terminated in A 


Short Circuit. 


17. If the line is termin- 
ated in an open circuit the 
position of the standing waves is 
reversed from that of Figure &. 
As might be expected there is no 
current flow at the open end and 
the voltage builds up to a maxi- 
mum. Voltage maxima then exist 
at any even number of quarter | 
waves from the end while current 
maxima appear at any odd number 
of quarter waves from the end. 


LO 





RF 
GEN. 
Fig. 7-9: Line Terminated In An 


Open Circuit. 


16. It has been pointed out 


that if a line is terminated in a 
resistance equal to its character- 


4{stic impedance there are no re- 
flections from the open end and 
therefore no standing waves. 


Now consider a condition in 
which a line is terminated in 
a resistive load higher than Z,, 
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Fig. 7-10: Line Terminated In 
A Resistance Higher Than Its 
Characteristic Impedance. 





19. The line impedance 
and the load are not matched, 
thus a certain amount of energy 
will be reflected from the end. 
Since the load has a higher re- 
sistance than Z> it resemblés 
an open circuit rather than a 
short circuit, therefore the 
voltage at the termination is 
Maximum and the current is 
minimum. Since the amount of 
energy reflected is not as 
great as that leaving the gen- 
erator the reflected wave does 
not aid or oppose the waves from 
the generator as much as with an 
open circuited or short circuite 
ed line and the standing waves 
are of less amplitude. The amp- 
litude of the standing waves 
varies directly with the degree 
of mismatch at the terminating 
end. When the mismatch is 
greatest, as with an open cir- 
cuited or short circuited ter-— 
mination, the amplitude of the 
standing waves is greatest. 
When the line is terminated in 
its characteristic impedance 
the standing wave amplitude is 
zero. 


20. Standing Wave Ratio: 
Frequently it is desirable to 
use some term to express the 


standing wave amplitude. The 
term in common usage is the 
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standing wave ratio which is 





Standing wave ratio = E_MAX__ 
E MIN 
In Figure 10 E max is 15, © min 
is 5 The standing wave ratio 
is then 15/5 or 3 tol. This 
ratio also indicates the degree 
of mismatch at the termination. 
The load impedance is either 
three times as large as Z or 
1/5 as great. Since a voitage 
maximum appears at the end of 
the line it is obvious that the 
load impedance is greater than 
Zo», in this case, three times 


Zoe 
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Fig. 7ell: Line Terminated in 
an Impedance Lower Than Zp). 


21. If the line is termina- 
ted in an impedance less than Zp 
not all of the RF energy will be 
dissipated in the load some be- 
ing reflected causing standing 
waves. Since the termination re- 
sembles a short circuit more than 
an open circuit a voltage minimum 
will appear at that point together 
with a current maximum. This in- 
Gicates that the load resistance 
is less than Zo, actually one third 
as great in Figure ll, since the 
standing wave ratio is indicated 
as three to one. 


22. Thus far this discussion 
has dealt with lines terminated 
in a pure resistance, or open or 
short circuited. In such cases 
a voltage maximum appears at the 
load if its resistance is higher 


than Z. and a voltage minimum 
if it ts less than Z,. If the 
line is teminated in a re- 
active load, either a capaci- 
tance or an inductance, the po- 
sition of the standing waves 
shifts to a degree dependent on 
the reactance of the load. Con- 
sider a line terminated in a 
capacity. 
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Fig. 7el2: Line Terminated in a 
Capacitive Reactance Equal to Z,. 


25. If the line is termin- 
ated in a capacitive reactance 
equal to Z, a voltage minimum 
appears one eight wave length 
from the load. As the capacitive 
reactance is decreased the min- 
imum moves away from the load 
allowing the voltage at that point 
to increase until finally with 
zero capacity a voltage maxinun 
exists at that point, since the 
line is effectively open circuited. 
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X= 2Z 

RP L ° 
one, = CC 
Fig. 7-15: Line Terminated in an 


Inductive Reactance Equal to Z,. 
24. If the line is termine 


ated in an inductive reactance 
ecual to Zo, a minimum falls three 
eighths of a wavelength from the 
load. As the inductive reactance 
is decreased the voltage minimum 
moves toward the load until final- 
ly with zero inductance a voltage 
minimum exists at that point since 
the line is short circuited. 


25. Impedance Along the Line: 
The impedance along the line is de- 
termined by the ratio of voltage to 
current at any given point and 
therefore varies continually from 
a high to a low value and back 
again. For example, at the short- 
ed end of the line the current is 
maximum and the voltage minimun. 
The impedance therefore is low, 
One quarter wave back from the 
shorted, load end the voltage is 
maximum and the current mininum 
resulting in a high impedance. 
If the line losses are low and 
very little energy is dissipated 
in the load, the low impedance 
points are the equivalent of a 
short circuit. If the load resist- 
ance is mace equal to Zo stand- 
ing waves-no longer exist, the 
impedance along the line is un- 
iform and equal to Zo. A line so 
operated is called a "flat line", 


High voltage Low E. 
Low current High I. 
High impedance Low Z. 





large standing wave ratio is 
called a "resonant line." 

Most transmission lines used 

in Radar are operated as flat 
lines as they may be cut to 

any reasonable length and of- 
fer a more efficient means of 
delivering ‘power from one yoint 
to another. Resonant lines are 
critical as to length and tend 
to radiate considerable power 
from points of maximum volt- 
age and maximum current and 

in addition are more susceptible 
to voltage breakdown. However, 
an unmatched or resonant line 
one or more quarter wavelengths 
long possesses some important 
properties of tuned circuits, 
transformers, and antennas, 

and are employed as such in 
various Radar equipments. 


LINES AS TUNED CIRCUITS 


27. The operation of sec- 
tions of line as tuned circuits 
depends upon the existance of 
reflections and standing waves 
to produce the effect of high 
and low impedance. Therefore, 
sections of line so employed 
are either shorted or open at 
the end to produce maximum 
standing waves and the highest 
or lowest input impedance pos- 
sible, as may be required by a 
given application. 


Short Open 
Ckt. Ckt. 
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Fig. 7-15: Impedance Varia- 
tion Along a Wavelength of 


Fig. 7-14: Impedance Along a 
Line Terminated in a Short 


Circuit. Line When Open and Short Cir- 
cuited. 
26. A line operated with a 28. Figure 15 represents 
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the impedance along a section of 
line which is one w:.velength long 
at some particular frequency. An 
examination of this chart will 
reveal the following properties 
of resonant sections of trans- 
mission line: (a) A section of 
line less than one quarter wave 
long and shorted at one end looks 
aaae an inductance at: thie. other 
end. 


Fig.7-16. 


(b) <A section of line less than 
& quarter wave long and open at 
both ends looks like a capacity 


at either end. 
=, 
Fig. 7-17. 


(c) A section of line longer 
than a quarter wave but less 
than a half wave and shorted on 
one end looks like a capacity 


at the other end. 


+4 
(a) A section of line longer 


Fig. 7-18. 

than a quarter wave but less 
than a half wave and open at 
both ends looks like an induc- 
tance at either end. 


Lese than 
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Fig.7-19. 
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(e) A section of line one 
eighth wave long and open cir- 
cuited displays a capacitive re- 
actance equal to Z. A section 
one eighth weve l10ng and shorted 


on one end tee an inductive 
reactance equal v1 Zo « 
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Capacitive ee , 
Reactance Reactence 


Fig. 7-20 


(f) If the two sections ere 
connected together a shorted 
quarter wave section is obtained. 
This is the equivalent of a : 
parallel tuned circuit. It, 
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Looks like a high resist- 


ive impedance or ‘open 
circuit’. 


Fig. f-el. 


therefore, displays a high re- 
sistive impedance or virtual 
Open circuit at the open end. 
The voltage, current and in- 
pedance curves of a shorted 
quarter wave section are shown 
in Figure ee. 


Max 
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Fig. 7-22. 


(g) A quarter ave open sec- 
tion is the equivalent of a 
series tuned circuit there- 
fore to an input applied to 
either end it presents a low. 
resistance or virtuall 

short circuit. The voltage 


current and impedance curves of 
an open quarter wave section are 
shown in Figure 25. In this 
case it is assumed that the in-e 
put is applied to the left 

end of the line, 
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Series Tuned Ck 
Fig. 7o25 @ 


(nh) A half wave section of line 
shorted at one end displays a 
very low resistive impedance or 
short circuit at the other end. 
It is the equivalent of a series 
tuned circuit. | 


ae 
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Curve 
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Fig. 7-24. 


(1) A half wave open section of 
line displays a high resistive 
impedance at either end. It is 
the equivalent of a parallel 
tuned circuit. 
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Fig. 71-25. 
29. From Figure 15 and the 


discussion which followed, the 
characteristics of lines as tuned 
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or an antenna, 


circuits may be summarized as 
follows: 


Quarter-wave, shorted Parallel 
and s Tuned 


Half-wave, open Circuit 
Quarter-wave, open Series 
and - Tuned 

Half-wave, shorted Circuit 


50. These conditions are 
encountered, not only in a single 
quarter-wave or halfwave length, 
but in longer lines as well 
since any given condition 
will be repeated at regular in- 
tervals along a line which is a 
number of wavelengths long. For 
example, any line an odd number 
of quarter-wave lengths exhibits 
the same characteristics as one 
quarter-wave, neglecting attenua- 
tion. In like manner, the char- 
acteristics of a half-wave (two 


-quarter-waves) are exhibited by 


any lime composed of an even 
number of quarter waves, or in 
other words, a line which is 
some number of half waves in 


length. 


Sl. Examination of Fig- 
ure 15 will show that a section 
of line, if mede longer or 
shorter, is tuned above or be- 
low the input resonant frequency. 
This causes it to display in- 
ductive or capacitive reactance, 
rather than resistance just as 
in a conventional tuned cirauit. 


S2. It has been pointed 
out that a resonant section of 
line could be employed as a 
tuned circuit, a transformer, 
ea y of 
a quarter wave section to sct 
as an RF transformer or impedance 
matching device arises from 
the fact that it "inverts" the 
load as seen by the source. 

This inversion factor is trace- 
able to the voltage and imped- 
ance variation along a quarter- 
wave as a result of the formation 


tandl waves. For example; 
o anoee cifoult on one end md a 
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quarter-wave section appears as 
an open circuit at the other end; 
an open circuit on one end ap- 
pears as a short circuit at the 
other end; a low resistance om 
one end appears as a high re- 
sistance at the other; a high 
resistance on one end appears as 
a low resistance at the other. 
The input impedance in all of the 
above cases is equal to the line 
impedance squared divided by the 
load impedance. 

2 


Input Impedance = may pool 
. a Loa pedance 


33. One of the most fre- 
quent applications is that of 
matching a flat transmission line 
to a different impedance load. 
Matching is necssary to effect 
an efficient transfer of energy 
from. the line to the load and to 
prevent the standing wave ratio 
from becoming excessive (i.e. 
more than about 1.5 to l fora 
flat line) In this case it is 
desired to ascertain what im- 
pedance the matching section 
must display to effect the re- 
quired transformation. The e- 
quation ee above if solved 
for ‘line edance (Z, of match- 
ing aaee aan gives 


Z, Of matching section = 
1 (Zp of line) (Z of load) 

34. For example: A 72 ohm 
antenna is to be matched to a 
100 ohm transmission line. What 
must be the characteristic im- 
pedance of the quarter-wave 
matching section, to effect the 
required transformation? Sub- 
stituting in the formula: 


Zo Of matching section = 
+yi00 X 72 = 


35. If an 85'ohm, quarter- 
wave matching section is employ- 
ed the line looks into an inm- 
pedance of 


2 
(Zo of matching Sec.) = 72 ohms 


Z of load 


85 ohms 


The antenna sooks into a source 
of 





z of matching Sec. <= 72 ohms 
° ne 
72 ohm 
antenna 
% 
100 ohm line, — Ma 
any length. | 
85 ohm 
matching 
section 
Fig. 7-26: Quarter Wave Section 


Used To Match LOO Ohm Line and 
72 Ohm Antenna. 


SECTIONS LESS THAN QUARTER WAVE 


36. Sometimes it is des- 
irable to know the impedance con- 
dition existing on one end of a 
section of line less than a 
quarter-wave long when the other 
end is terminated by various 
loads. These are summarized in 
the following statements. 


(a} Section less than a quarter 
wave and terminated in a resis- 
tance equal to the line impedance 
at the other end looks like the 
line impedance. 


(b) If terminated in an open 
circuit; looks like a capacitance. 


(c) If terminated in a resis- 
tance higher than Z,; looks like 
a capaditance with Series resis- 
tance. 


(ad) If terminated in a short 
circuit; looks like an induc- 


tance. 


If terminated in a resis- 
looks like 
series resis- 


(e) 
tance less than Z,; 
an inductance wi th 
tance. 


~76= 


LOAD INVERSIONS 


37. The ability of a quarter 
wave section of line to "invert" 
the load as seen by the source was 
discussed under paragraph 32. In- 
version of capacity and inductance 
can be effected by a section of 
line between a quarter and a half- 
wave in length. An open section of 
this length, looks like an induc- 
tance to the source. 


Looks like 
an induct- 
ance 


Fi Be V=-27 ° 


38. If a portion of the line 
less than a quarter-wave is cut off 
and replaced with an actual capacity 
the section still looks like an in- 
ductance to the source. This is 
true since an open sectia of line 
less than a quarter-wave is the 
equivalent of a capacity. 





Looks like 
an induct - 
-ance 


<M 


Fig ® T=-28 e 


39. A shorted section of 
line between a quarter and a half- 
wave in length looks like a capa- 
city to the source. If a section 
of the line less than a quarter 
wave (the equivalent of an in- 
ductance) is cut off and replac- 
ed with an actual inductance, the 
line still looks like a capacity 
to the source. 


4 
E 
t 
§ 
Looks like 
a capacit- 
om ewe moe ce 
A 
ke< Yi 
Fig. 7-29 @ 
LO. Some additional 


characteristics of a section 
of line between one-quarter 

and one-half wave in length 

are summarized below. 


(a) Section of line between 
@ quarter wave and a half 
wave and terminated in a re- 
sistance equal to Z); at the 
other end looks like Zo. 


(bo) If terminated in an open 
circuit; looks like an in- 
ductance. 


(c) If terminated in a resis- 
tance higher than Zo; Looks 
like an inductance OF Fh series 
resistance. 


(ad) If terminated in a short 
circuit; looks like a capaci- 
tance. 


(e) If terminated in a resis- 
tance lower than Z,; looks 
like a capacitance Owith series 
resistance. 


41. If a single quarter 
wave section or any odd num- 
ber of quarter waves acts as 
an inverter, it stands that a 
half wave (composed of two 
quarter waves) or any multiple 
of a half wave will act as a 
"double inverter" and there- 
fore repeat whatever appears 
on the far end. As shown in 
Figure 30, an open circuit on 
one end appears as an open 
circuit on the far end. In 
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like manner, a low resistance on 
one end looks like a low resis- 
tance at the other; a short cir- 
cuit looks like a short circuit; 
a high resistance looks like a 
high resistance; a capacity looks 
like a capacity; an inductance 
looks like an inductance; a com- 
plex load looks like a complex 
load. 


— oo 


9 en Looks like 
Prouit open circuit 
Here here 


Fig. 7-30: Half Wave Line As 
A "Repeater". 


APPLICATIONS 


42. Slotted Line: A 
specially designed section of 
transmission -line longer than a 
half wavelength and an RF volt- 
meter can be amployed to measure 
the characteristics of other 
transmission lines and their 
loads. Such a device is common- 
ly called a "Slotted Line”. A 
block diagram of the equipment 
is shown in Figure 31. The 


slot along the outer conductor 
to permit a movable RF probe to 
couple loosely to the inner con- 
ductor. The RF energy picked up 
by the probe is conveyed direct- 
ly to a detector and voltmeter, 
all-on the same sliding assembly. ( 
The complete detector unit con- 
sisting of probe, detector and 
voltmeter is sometimes referred 
to as a "traveling detector" - 


43. If the line is supplied 
with RF energy of an appropriate 
frequency from some adjustable 
source, and a load connected to 
the end of the line, it is pos- 
sible to slide the detector 
along the calibrated portion of 
the line and determine; (a) the 
standing wave ratio, (b) the 
position of these standing wavee 
with respect to some “reference” 
point. From this data, and with 
the aid of specially prepared 
charts, it is possible to deter- 
mine; (c) the resistive or re- 
active nature of a load at a 
given frequency, (d) to adjust: 
an antenna for correct length or 
resonance, (e) to eliminate 
standing waves from a trans- 
mission line, (f) to determine 
the propagation or velocity con- 
stant of samples of transmission 
line. These are by no means all 
of its uses but they are probably 
the most outstanding. 


Li. Bazooka or Line Bal- 
ance Converter: 6re are nu- 
merous instances in Radar equip- 


DETECTOR 
ire Ter 





METER 





ae a 


STICK 


Fig. 7-31: Simplified Block of Slotted Line Equipment. 


slotted line as its name implies 
consists of an enlarged section 
of rigid coaxial line with a 


ments where it is necessary to 
change from a coaxial or unbal- 
anced line (to ground) to a bal- 
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a. 





anced line such as the shielded 
pair. Such a transition cannot 
be made directly since it repre- 
sents a discontinuity in the line. 
This would result in an excessive 
standing wave ratio and the loss 
of considerable energy by radia- 
tion due to unbalanced line cur- 
rents. To effect such a change- 
over it is customary to use a 
"Bazooka" or line balance con- 
verter, sometimes called a phase 
inverter. It will be recalled 
that the outer skin of the out- 
side conductor of a coaxial line 
is at RF ground whereas the out- 
er skin of the inner conductor is 
well above ground potential; and 
therefore displays a comparatively 
high impedance to ground. Both 
conductors of the balanced line, 
however, display the same poten- 
tial and ths same impedance to 
ground under ideal conditions. 





array or 

=- impedance 

= matching 
transformer 

Fig. 7-32: Bazooka or Line Bal- 

ance Converter. 


45. The object of the bazo- 
oka is to make the shield of the 
concentric line have a high im- 
pedance to ground where it con- 
nects to one side of the balanced 
line and thus convert to a bal- 
anced condition. This is done 
by placing a quarter-wave shield 
eround the end of the coaxial 
line. This auxiliary shield is 
connected to the shield of. the 
coaxial line a quarter-wave from 
the end of the line as shown in 
Figure 32. The outer shield is 
bonded firmly to ground or the 
surrounding structure. Thus 


tance: 


these two shields form a quarter 
wave section shorted at one end. 
Earlier in this chapter it was 
pointed out that the input end, 
of a shorted quarter-wave dis- 
plays a high impedance. Thus 
where the balanced line is at- 
tached to the coaxial structure, 
it is connected to two points, 
both of which have a balanced 
high impedance to ground. The 
inner conductor was already at 
a high impedance and the action 
of the shorted, quarter-wave 
raises the end of the outside 
conductor of the coaxial line 

to a correspondingly high im- 
pedance. 


46. Tuning Out Load Reac- 
A transmission line is 


normally terminated in a resis- 
tive load. In practice however, 
there is usually some amount of 
residual capacity or inductance 
present at the load in addition 
to resistance. To prevent stand- 
ing waves this reactive component 
must be "tuned" out. This can be 
accomplished by connecting enough 
capacity or inductance across 

the load to form a parallel- 
tuned circuit with its reactance 
at the operating frequency. A 
parallel tuned circuit presents 

a very high resistive impedance. 


47. The same effect can be 
attained somewhat more efficient- 
ly at high frequencies by con- 
necting an additional section of 
transmission line of such a 
length that it presents induc- 
tive or capacitive reactance, 
as may be required, across the 
load. For example, assume that 

a 90 obm line is terminated in 
2 90 ohm resistance which dis- 
plays some capacitive reactance 
at the resonant frequency. A 
shorted section of line, or stub, 
less than a quarter-wave is con- 
nected across the load and the 
variable short moved until the 
amount of inductive reactance 
offered by the stub resonates 
with the capacitive reactance of 
the load. This can be checked 
accurately with a slotted line. 
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The transmission line then looks 
into a 90 ohm load shunted by a 
much higher resistance. While 
an ordinary resistance is used 
in this illustration, for the 
sake of clarity, the same con- 
ditions would apply to a useful 
load such as an antenna. 


90 ohm line 90 ohm $= 


(A) Line terminated in load 
that displays some capacity. 


a Ke 


oom fy 


Variable short - 
(B) Inductive Stub added. 


90 ohm 5 


High resistive impedance 
of tuned circuit 


(C) Line now looks into 90 
ohms shunted by a high R. 


Fig. 7-33: Tuning Out Load 
Reactance, 
48. Transmission Lines 


As Tuned Circults: t the 

ordinary ra gh frequencies 
resonant sections of transmission 
line are used as tuned circuits 
instead of the conventional lumped 
capacity and inductance. This is 
necessary since it is difficult 

at such frequencies to construct 

an inductance in the ordinary man- 
ner and yet keep the capacitive 
reactance high between the adjacent 
coil turns. If the capacitive 
reactance is low only a small 
amount of inductance can be used to 
bring the circuit to resonance. 
Under these conditions the im- 
pedance of the circuit will be 

low and little voltage can be 
developed across it. Another 
factor is that tuere is less RF 
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skin resistance in a trans- 
mission line or linsar type of 
tank circuit than in one employ- 
ing lumped constants. In genersl 
& linear tank circuit is more ef- 
ficient than a conventional tuned 
circuit, that is it has a higher 
Q, since it loses less energy in 
the ohmic, hysteresis, eddy cur- 
rent, dielectric, or radiation 
forms. 


49. <A pair of lines a 
quarter-wave long, shorted at 
one end, can be substituted for 
@ coil = condenser tank circuit. 
The total length of the lines 
through the shorting bar will 
then represent one-half-wave, 
so the circuit will oscillate 
with the voltage across the open 
ends 180 degrees out of phase, 
which is the effect produced by 
a coil and condenser combination 
tank circuit. Figure 34, illus- 
trates transmission lines as 
tuned circuits, both open pair 


and coaxial. 


Resonan 
ic iat 










Fig. 7-34: Transmission Lines 
Employed As Tuned Circuits. 


50. Shorted puetier Wave 
Section as an Insulator: A se@Ce 
tion of Line a quarter- 


tion o ne a@ quarter-wave 


fong at the operating frequency 
and shorted on one end may be us 
ed as an insulator, since it pre- 
sents a very high impedance at 
the input end. 





Fig. 7-35: Shorted Quarter Wave 
As An Insulator. 


51. Shorted puarter Wave 
Section As a Transformers: short- 
ed quarter wave, e er coaxial 
or open line, may be used as a 
step-up transformer in a manner 
similar to a parallel tuned auto 
transformer. <A shorted quarter- 
wave either coaxial or open-line, 
may be used as a step-down trans- 
former. 





Fig.7-563: Shorted Quarter-Wave 
as Step-Up Transformer. 





Fig.7-57: Shorted Quarter-Wave 
As Step-Down Transformer. 
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52. Use of Resonant gag. 


tions in eeitching Circuits: 
many ar equipments 
problem illustrated by Figure 
58 is encountered. It is nec- 
cessary at oertain times to 
prevent signals entering the 
system at A fran reaching B. 
This is effected by closing 
the switch on the end of the 
half wave section. This short- 
ed condition is reflected to 
point X. Since the quarter- 
wave section is now shorted on 
the end near B it presents a 
high impedance to the trans- 
mission line thus preventing 
any appreciable energy from 
reaching B. This is the prin-e 
ciple of Radar duplexers and 
is discussed in detail in Chapt- 
er VIII. 





WAVE GUIDES 


535. At the highest free 
quencies used in Radar today 
another more efficient type of 
transmission becomes possible. 
Here the radio frequency energy 
from the transmitter is ‘piped' 
to the antenna through a hole 
low metal tube called a "wave 
guide", A wave guide is ideal 
for this purpose since it in- 
troduces much less loss than any 
other means and is of the sin- 
plest possible construction. 

It is not used at lower fre- 
quencies because its size is 
dependent upon wave-length 
and becomes too large to be 
practical at even the lower 
micro-waves. 


54. It is not convenient 
to think of the action of a 
wave guide in terms of current 
and voltage, but rather in 
terms of the electrostatic and 
electromagnetic fields involy- 
ed. These fields are always 
present when electrical energy 
is transmitted but are usually 
thought of only when dealing 
with radiation. A comparison 
with sound waves may be help- 
ful. When someone speaks, the 


sound waves produced normally 
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travel outward in all directions 
in a manner similar to the radio 
waves leaving an antenna. But 

if the person were to direct his 
voice into a speaking tube, the 
sound energy would be confined 

to the inside of the tube and 
could be sent a considerable dis—- 
tance without appreciable loss. 


A “a a 
\ oa 
M% A— 
+ 
Fig. 7-35: Resonant Section As 


Switching Circuit. 


55. Most wave guides are 
rectangular in shape. Their di- 
mensions are not extremely criti- 
cal but must meet certain require—- 
ments. Reference to Figure 39 
shows that one of the dimensions 
of the guide must be greater than 
a half wavelength. 


= a<WVo 
a p>Wo<Aa 
-—» —H 


Fig. 7-39: A Rectangular Wave 


Guide. 


If this condition is not met, i.e., 
if the guide is too small for the 
frequency being used, energy will 
not pass through it. The thick- 
ness "a" 4s not critical but must 
not be too small because of the 
possibility of voltage breakdown. 


56. Wave guides have a 
characteristic impedance depend- 
ing on the dimensions of the guide, 
which must be matched to prevent 
standing waves and reflections. 

At the radiating end, a fair match 
4s obtained by simply utilizing 
the open end of the guide, but a 
better match results if the end is 
flaired slightly. In other words 
an actual antenna is not needed. 
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The RF energy will be radiated 
from the end of the guide. 


57. In practice, a para- 
bolic reflector is added to ine 
crease directivity. <A crystal 
detector is used in the recept- 
ion of signals. By proper 
placement in a resonant chamber 
the crystal may be made to ab- 
sorb practically all of the 
energy sent to it through the 
wave guide. 


58. Stubs may be used with 
wave guides for the same pur- 
poses as with transmission lines, 
but there are important differ- 
ences. The characteristics of 


resonant sections of a wave guide 
are shown in Figure 40. 





Fig. 7-40: Resonant Sections of 
Wave Guide. 


Important points to be remember. 
ed are: (a) A quarter wave, or 
odd number of quarter waves, 
shorted at the end reflects an 
Open circuit where it is attach- 
ed to another guide. (b) A half 
wave, or multiples of a half 
wave, shorted reflects a short 
where it is attached to another 
guide. In other words there ia 
effectively no opening present 
and no energy will be allowed 
co enter the half wave sec- 

on. 


59. One form of wave guide 
does not use a metal pipe to 
confine and direct the energy 


It uses, instead, a solid rod of 
insulating material such as pol- 
ystyrene. The action is similar 
to that which takes place when 
light is conducted through a 
lucite rod. 


ANTENNAS 


60. In developing a simple 
half-wave antenna it may be help- 
ful to consider it first in the 
form of a quarter wave section of 
Open pair line as in (A) of Fig- 
ure 41. Throughout the discus- 
Sion on transmission lines it was 
emphasized that the spacing be- 
tween the two conductors must be 
@ small fraction of a wave length 
to allow the opposing electro- 


magnetic field to "buck out" and pre- 


vent radiation. The purpose is 
to convey as much of the energy 
as possible from the RF source 
or transmitter to the antenna 
since the latter is designed to 


radiate the energy more efficient- 


ly and with the required direc- 
tional characteristics. Inasmuch 
as the line is terminated in an 
open circuit the standing wave 
ratio is maximum causing a short 
circuit to exist at point "x", 





(B) 


) | 
of 


(c) | 
Zz 


taking place if the quarter-wave 
section on the end of the line 
is bent outward as in (B). 

Since the two conductors are no 
longer closely spaced at the 

end of the line considerable 
radiation takes place. This 
means that the energy is not all 
being reflected back into the 
line as in (A), therefore paints 
"y" and "z" in (B) are no longer 
the equivalent of an open cir- 
cuit. The standing wave ratio 
@long the line is thereby re- 
duced causing the impedance at 
point "x" to rise from zero to 
some higher value. 


62. In (C), of Figure 41, 
the quarter-wave section is bent 
fully perpendicular to the major 
portion of the line resulting 
in maximum radiation since can- 


cellation of the electromagnetic 


field between the two halves is 
now minimum. The quarter-wave 
section of (A) is now a half- 
wave radiating element or an- 
tenna, commonly called a dipole. 
The dipole, or half-wave element, 
is the fundamental radiator fram 
which most: of the other types 
are developed. In free space it 
presents an impedance at its 
center of 72 ohms. The impe- 
dance at point "x" of (C) may 

be assumed to be approximately 
72 ohms. This then is the ter- 


.Minating impedance of the line. 


Assuming a 100 ohm line, the im- 
pedance mismatch in this case is 
100 to 72, giving a standing 
wave ratio of approximately 1.4 
to l. 


63. Thus far it has been 
assumed that the dipole is an 
electrical half-wave. Physical- 
ly it is slightly less than a 
half wave long because of the 
"end effects" due to the small 
capacity that exists between the 
ends and ground. Compared to 
the ordinary LC oscillatory cir- 
cuit, this has the effect of ad- 
ding a small amount of capacity 
to the condenser. To compensate 
for this, i.e., to tune to the 


_Fig.7-41: Development of Dipole. desired frenuency, the antenna 


61. Now consider the changes 
-83-. 
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must be alightly shorter than 
would be indicated. If the m- 
tenne is too short it reflects 
some capacitive reactance back 
into the line. If too long it 
reflects inductive reactance. 
In either case the position of 
the standing waves along the 
line is shifted giving an in- 
dication of the amount and sign 
of the reactance. A slotted 
line is quite useful in measur- 
ing the reactance and indicating 
when it is tuned out. 


64. Radiation Resistance: 
The energy radiate rom an an- 
tefina may be accounted for by 
assuming it to be equivalent to > 
the loss encountered if the m- 
tenna current were flowing 
through a fictitious resistance, 
termed the “radiation resistance". 
This loss is separate and dis- 
tinct from any other losses that 
may exist and is the only useful 
loss in the antenna system. It 
may be defineds 


Radiation resistance = 


total power radiated 
anterna current : 
Since the radiation resistance 
of an antenna is measured at a 
current maximum, and since there 


is a current maximum at the cen- 
ter of the dipole just discussed, 


the impedance and radiation resis- | 


tance at that point may be con- 
sidered the same. It must 

be remembered however; thet the 
impedance rises to a much higher 
value at either end of the di- 
pole. 


65. Voltage Feeding: RF 
energy may be fed to an antenna 
at a point of high voltage. For 
example in Figure 42 a 90 ohm 
two wirg line is to be coupled 
to a dipole et a high voltage 
point. To avoid the severe 
mismatch thet would occur with 
e direct connection the impe- 
dance traneformation property 


of e shorted querter wave stub 
is employed. The 90 ohm line 


Su 


le connected to various points 
along the stub until the 90 

ohm point is found, preferably 
with the aid of a slotted line. 
Since the open end of the stub. 
is a high voltage, high impe- 
dance point it may be connected 
directly to the end of the @m- 
tenna. 


r—— 2 





90 ohm Line 


Fig. 7-42: Voltage Fed Dipole. 


61. Current Feeding: RF 


energy may be fed to an an- 


tenna at a point of high cur- 
rent. For example in Figure 43 
@ line of 200 ohms impedance is 
to be coupled to a dipole at 
the point of high current in 
the center. A shorted half-— 
weve stub is required here. 
The transmission line is con- 
nected to the stub at a 200 ohm 
point. 





Fig. 7-43: Current Fed Dipole. 


67. Pserasitic Antennas: 
The simple dipole antenna tends 


to radiate energy almost equally - 
well in all directions. 


Such a 


characteristic is not qited to 


Rader applications where _ it is 
deeired to concentrate et of 


the energy on a small sector to 
obtain maximum reflections. To 
obtain unidirectional character- 
istics an antenna array consist- 
ing of a simple half-wave radi- 
ating, or driven, element with a 
system of parasitically excited 


elements is employed. A typical 
phe ig or Yagi, array is 
in Figure - Only the 


pre oent aaa is connected to 
the transmission line. The other 
elements are parasitically ex- 
cited in that they pickup energy 
from the radiating element and 
re-radiate it with such a phase 
relation with respect to the 
driven element that radiation is 
reinforced in the forward direc- 
tion through a rather narrow arc, 
thus wasting very little energy 
in other sectors. The reflector, 
to act as such, should be about 
5% longer than the driven element. 
The directors, usually one to four 
in number should be somewhat 
shorter than the driven element. 
The length of the parasitic 
elements and their spacing with 
respect to each other and the 
Griven element is adjusted to ob- 
tain the desired directivity, or 
lobe pattern. 


68. An analogy sometimes 
helpful in picturing the action 
of such an array is to compare it 
with an automobile headlamp as- 
sembly. The reflector in the 
array may be thought of as the re- 
flector in the headlamp. The 
driven element corresponds to the 
light globe placed at the focal 
point of the parabolic reflector. 
The director or directors corres- 
pond to the lens system in the 


headlamp. 
— 


>% || <% < 


Reflector’ 


A dias ELenent 


Fig e 7a: 


Parasitic or Yagi Array. 


69. Colinear Array: 


Another array sometimes used at 


the ordinary ultra high fre- 
quencies is the Colinear array. 
It consists of a string of half 
wave antennas in phase. The in- 
phase relation is necessary to 
produce maximum radiation in a 
plane perpendicular to the axis 
of the array. The elements 
would be out of phase with each 
other if connected end to end. 
Therefore it is necessary to in- 
sert quarter wave phasing stubs 
between each element producing a 
160 degree delay to effect the 
in-phase relation. Off the ends 
of the array the radiation is 
considerable reduced. 





Fig. 7-45: Colinear Array. 


70. Micro Wave Antennas: 
2nhe micro waves er on the 
heat and light wavelengths and 
possess many of their character- 
istics. Like heat or light 
these waves can be directed b 
oarabolic reflector. Figure 
illustrates a typical airborne, 
aicro wave antenna. 


Dipole 


Parasitic 


Bazooka Reflector 


Fig. 7-46; Micro Wave Antenna. 
_— 
_ 


Fig. 7-47: Lobecof a’ Parabolic 
Microwave Antenna. 


ail 
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(1. The dish, or parabola, 72. Most Radar systems 
is large in comparison with the use the same antenna for trans- 
wavelength used. RF energy is mitting and receiving in conjunc—. 
fed to a dipole placed at the tion with some form of duplex- 
focal point of the parabola by ing equipment. This can be done 
means Of coaxial line or wave- since the properties of an gn- 
guide. About one quarter-wave tenna apply both to receiving 
out from the dipole is placed a and transmitting. Thus. the more 
parasitic reflector such as may efficient an antenna is for 
be found in the ordinary parasitic transmitting the better it is 
array, to allow no energy to for receiving. If a directive 
be radiated directly out from antenna system displays a cer- 
the dipole. Most of: the radia- tain field pattern in one direc-— 


‘tion is reflected back into the tion on transmitting, it. w1l 
perabolic reflector and then out display that same field pattern 


as a beam of electromagnetic on receiving. Likewise the volt- 
energy. In general, the larger ege end impedance variation all 
the parabolic reflector, the along the mtenna will be the 
narrover is the radiated beam. Bame on either operation. 

86. 
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' CHAPTER VIII 
Receiver Protector Systems 


THE ANTENNA SWITCH 


1. Radar in its simplest 
form would require two antennas, 
one for the transmitter and an- 
other for the receiver. Such 

a system has several inherent 
disadvantages. The receiving 
antenna would have to be thor- 
Oughly isolated from the trans- 
mitting sntenna to prevent the 
high power of the transmitted 
vulse from feeding directly 

from the transmitting antenna 
back into the receiver and so 
damaging the input stage of the 
receiver. Even if the input 
stage were not permanently dan- 
aged, it would be overloaded to 
such an extent that the receiver 
would be blocked for several 
hundred micro-seconds or more; 
thus the receiver would be in- 
operative and would not amplify 
a pulse return from a nearby ob- 
ject. Aside from this defect, 
it is readily apparent that one 
receiving antenna ould not per- 
mit satisfactory determinat ions 
of directional data. 


ee An improved systen, 


then, would utilize a bi-direc-— 


tional trenemitting antenna end 
two receiving antennas. One 
receiving antenna would be di- 
reottonal ‘ta port and the other 
to starboard. Thus the trans- 
mitted energy would be sent 
simultaneously to port and. star- 
board. If an object were to 
starboard, the reflection would 
be received on the starboard re- 
ceiving antenna; similarly, for 
an object portside. This 


would require two receivers, con- 


nected as shown in Figure 1, to 
enable the operator to ascertain 
whether the signal was reflected 
from an object to port or star- 
board. With this arrangement, 
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an object to port would refle et 
energy into the port receiving 
antenna; this wuld be amolified 
and detected in receiver "A" and 
fed to the indicator CRT causing 
a deflection of the beam to the 
aac: indicating an object port— 
side. 





Fig.8-1: 
Syeten. 


3. There.is a rather ob- 
vious disadvantage to the above 
system. The two receivers re- 
quired mean extra vere extra 
Space, extra cost, send greater 


A Two Receiver Radar 
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Fig.&-2: A Functional Diagram 
of an Antenna Switch 


from appearing as noise on the 
face of the scope. 
(Video) 


ae Motor 
Switch 


maintenance. These are all in- 

portant items in design consid- 

erations. To overcome this dis-e 
dvantage a double-pole-double- 


a 

throw switch, commonly known as 
an antenna switch, is used. 
When connected as shown in 


Receiver 
Output 


Figure 2, only one receiver is 
required. With the switch in 
position “1" the port antenna 

48 connected to the input of the 
receiver, and the output of the 
receiver is connected for de- 
flection to the left on the face 
of the CRT. If the switch is 

in position “2", the starboard 
antenna is in use and any re- 
turn would cause a deflection 

to the right on the face of the 
BCOPCG s 


4, This switching should 
be accomplished at a rate rapid 
enough that, to the eye, the in- 
dicator would appear to show si- 
multaneously the blips from both 
port and starboard. The human 
eye can detect changes up to a 
rate of approximately 16 per se- 
cond; therefore, if the switch 
is motor driven at a rate of 
about 30 cps or 14800 rpm, then 
no effects of the switching will 
be visible. Notice in this re- 
gard that, since the transmitter 
is normally pulsed about 400 
times per second, approximately 
6 pulses will be sent out and 
reflected back on the antenna 
while the switch is making a 
single contact. 


5. Figure 3 illustrates 
the timing of the switch. Sev- 
eral considerations are of inm- 
portance here and so determine 
the actual time relationships 
shown. 
switch is to assure that both 
antennas will not be connected 
at any instant. Notice also 
that at the time the input to 
the receiver is being switched 
from port antenna to starboard 
antenna, or vice versa, the out- 
put of the receiver is not con- 
nected to the indicator. This 


The 5° gap in the antenna 
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Fig.S-3: An Antenna Switch 
Timing Diagram. 


- DUPLEXER 


6. As set forth above, 
there are two receiving anten- 
nes, and a separate transmit- 
ting antenna that radiates si- 
multaneously to port and stare 
board. Since an antenna exhi- 
bite similar directional 
characteristics when receiving 
and when transmitting, if it 
could be arranged to transmit 
on the two receiving antennas, 
a number of advantages could 
be derived. First, the weight, 
cost, and wind resistance of 
the separete transmitting an- 
tenna would be eliminated. Se- 
cond, in the system previously 
discussed returning echoes were 
received alternately from port 
and starboard, yet the systen 
was transmitting simultaneously 
to both sides, thereby wasting 
an unnecessarily large portion 
of the transmitted power by 
sending it in a direction from 
which echoes could not be re- 
ceived. Using the receiving 
antennas alternately for trans- 
mitting would mean that the 
energy would be sent out on the 
antenna in use at that instant, 
and so energy would be radiated 
only in the direction being re- 
ceived. 


7. The chief obstacle in- 


is to prevent the switching volved in uee of the same antenna 


for transmitting ant receiving is 
-~S8— 
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the necessity for some means of 
protecting the receiver input 
circuits when the transmitter 
pulses. It is also necessary 

to prevent the weak received 
signal from being wholly or 
partially lost by following the 
transmission line back to the 
transmitter. A device designed 
to overcome these obstacles must 
be capable of "switching" for 
time intervals es small as a few 
microseconds, since the receiver 
must be effective immediately 
following the transmitted pulse, 
This microsecond timing means 
that the device must be elec- 
tronic and not mechanical, Such 
a device is shown in Figure 4 
and is kmown as a DUPLEXER OR 
REPROD (REceiver PROtective 
Device). The location of this 
DUPLEXER ina typical radar 
system is shown in Figure 5. 


Rx. 
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8. The duplexer is con- 
structed of coaxial transmission 
line with certain critical 
lengths (see Figure 4). It funo- 
tions on the principle of quarte- 
er wave impedance transformation. 
The operation can best be shown ~ 
by following a pulse of energy 
from the trensmitter. When the 
transmitter pulses, the energy 
is inductively coupled into the 
pickup loop at point A, Figure 
4, and follows the transmission 
line to point B, At point B, 
looking toward the antenna, an 
impedance match is seen, due to 
the fact that the antenna is 
adjusted to match the impedance 
of the coaxiel line. Energy 
from point B also tends to 
reach point C, where an imped- 
ance step-up occurs in the res- 
onant quarter-wave section DE. 


50 ohm equivalent 
resistance of antenna 


Any length of 


50 obm coax 
Pickup PXe 


50 ohm equiv- Gas filled 
alent resist- tube 

ance of Rx. 

input (matched 

impedance). 


Fig.8-4:3 
Compare Figure 5 with Figure 2 


(which is the system required if 
the duplexer is not used). 


© 
©) 


Fig.8-5; <A Duplexer - Antenna 
Switch’ System. 
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Transmitter 


Duplexer or Keprod,. 


Since this quarter wave is 
shorted at point D, then a very 
high impedance will exist across 
the gas tube at point *; thus 

a voltage will be developed 
across it, causing it to ionize 
and conduct. This pleces an 
effective short circuit at point 
E. With the quarter wave thus 
shorted at both ends (points D 
and E), a very low impedance is 
present at point C, This re- 
flects a high impedance one 
quarter wave back to point B, 
looking at C. Therefore energy 


-89e 








reaching point B will follow 
the impedance match to the an- 
tenna, rather than attempt to 
reach the receiver. 


9. As soon as the trans- 
mitter pulse ends, there is no 
longer any high voltage to keep 
the gas tube ionized, so it again 
assumes an “open circuit" or 
non-conducting state. Assume 
that the pulse meanwhile has 
been reflected, received by the 
antenna, and has returned to 
point B. Since the distance 
from the graunded point A to 
point B has been adjusted to 
be an odd number of quarter 
waves, then at point B looking 
toward point A, a high imped- 
ance exists and so prevents the 
received signal from being 
dissipated in the transmitter 
Loop. 


10. The returned pulse 
reaches point C. From C to D 
there is a section of line less 
than a quarter wave, shorted 
at point D, thus acting in- 
ductively. From C to E is less 
than a quarter wave, but open 
(the received pulse is too weak 
to ionize the gas tube) and so 
acts capacitively. A parallel 
circuit is formed from point C 
to ground, presenting an inm- 
pedance much higher than that 
presented by the input circuit 
of the receiver. As a result 
the received signal follows the 
impedance match existing in the 
receiver input. Therefore the 
duplexer is performing the inm- 
portant function of allowing 
the returned aignal to reach 
the receiver, but preventing the 
high power of the transmitted 
pulse from reaching the receiver 
and blocking or damaging it. 


POLYPLEXER 


ll. It has been shown 
that if the same antenna is to 
be used for both transmitting 
and receiving, a duplexer is 


required. If the direction of 
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a received signal is to be 
known, an antenna switch is re- 
quired. Therefore, ina typ- 
ical meter search setup these 
two functions may be perform- 
ed by a unit known as the 
POLYPLEXER or ANTENNA SWITCH- 
ING UNIT. This unit eonsists 
of both the electronic switch 
or duplexer and the motor driv- 
en antenna switch. The duplex- 
er section is exactly the same 
as that previously discussed. 
Some change must be made in the 
antenna switch from the type 
previously mentioned, however, 
since the system no longer 
utilizes a separate transmit- 
ting antenna. It requires a 
switch capable of handling the 
high power of the transmitted 
pulse, in addition to the weak 
returned signal. Since no 
metallic switch would be cap- 
able of handling this high 
power at the speed involved, 

an antenna switch has been de- 
veloped that functions on the 
principle of quarter-wave 
transformation. 


12. Figure 6 shows a poly- 
plexer containing the regular 
duplexer and the modified type 
of antenna switch. 


L NOs 


eaves 





Any length to Rx. 
Fig.S-6: Polyplexer. 


Its operation is as follows: 
The motor driven switch is 
alternately shorting point D 
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and point E to ground. This is 
accomplished with timing similar 
to that of Figure 3. Note that 
the switch points are each lo- 
cated exactly one quartenwave 
from point B. The transmission 
line leading out to the antennas 
can be any length, but the dis- 
tance from B to D and B to E is 
critical. With the coax shorted 
at point Da high impedance is 
reflected to point B (looking at 
D) preventing the transmitte 
pulse from going out the port 
antenna. When point D is short- 
ed, point © is open, reflecting 
a low impeiance at B looking at 
E, therefore the pulse can follow 
Gown the transmission line to 
the matched impedance presented 
by the starboard antenna. Re- 
member that the gas tube in the 
Guplexer fires when the trans- 
mitter pulses, and so protects 
the receiver. If a target ex- 
ists to sterboard, energy will 
be reflected back into the star- 
board antenna. Switch point E 
will still be open (the trans- 
mitter pulses and echoes may be 
received approximately seven 
times before the antenna switch 
changes position) and so the re- 
ceived blip will reach point 

B. Here a high impedance ex- 
iste looking toward points A 

and D. However, the gas tube 

of the duplexer is no longer 
ionized; therefore the blip 
follows through point C to the 
receiver, since a matched 
condition exists along this path. 


13. The transmitter again 
pulses, and the procedure is ree 
peated about six or seven times; 
then the antenna switch shorts 
point D. It now can be seen 
that further pulses of the trans- 
mitter will be sent to port and 
echoes received from port ina 
manner similar to that described 
for the starboard direction. 
Note that at the instant the 
switch motor shorts the star- 
board antenna, the video section 
of the switch must connect the 
receiver output to the port de- 
flection plate of the fare 
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14. An improvement over 
the unit shown in Figure 6 was 
made by adding a half wave sec- 
tion of line at point D and an- 
other at point E giving a system 
as shown in Figure 7. The ad- 
vantage of this is purely mech- 
anical. 
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Motor Driven 
Antenna Switch 


Fig.&-7: An Antenna Switch 
Unit. 


It avoids the necessity of a 
mechanical shaft to rotate the 
switches at the remote points 

D and E, by allowing the 
switches to be mounted directly 
at the motor and using the half 
wave lengths of line to reflect 
shorts back to pointe D and E. 


T-R BOX 


15. With the development 
of Radar at the micro wave- 
lengths the older directive 
systems of port and starboard 
antennas: was replaced by a sin- 
gle, but rotatable, antenna of 
the parabolic reflector type. 
This eliminated any need for an 
antenna switch; however, some 
type of duplexer was still re- 
quired since this same antenna 
would be used for both trans- 


mitting and receiving, i.e., the 
receiver still needs protection. 
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16. At the microwave fre- 
quencies, ordinary receiving 
tubes are impractical for the 
mixer stage of a receiver, due 
to the effect of their shunt 
capacities. Therefore, micro- 
wave receivers ordinarily use a 
erystal as a first detector, 
Under these circumstances, du- 
plexers of the type discussed 
have several disadvantages. In 
the ordinary duplexer using the 
gas tube, a considerable voltage 
is required to cause the gas to 
ionize. This means that an in- 
stantaneoug peak of voltage will 
reach the receiver before the gas 
tube fires. This peak, while 
not too damaging to an ordinary 
tube, is sufficient to burn out 
any crystal such as uaed for the 
input stage in microwave equip- 
ment. us a type of duplexer 
had to be developed that wuld 
have more instantaneous action, 
j.e., One that would fire at a 
lower voltage. 


17. With the development 
of microwave gear came a desire 
to decrease the minimum range 
over which the equipmenfw ull 
be effective. This was of great 
importance in fire control ap- 
paratus. One of the factors 
limiting the minimum range at- 
tainable is the recovery time 
of the tube used in the reprod. 
Recovery time is defined as the 
period necessary for the circuit 
to return to a point of half- 
normal sensitivity. This time 
is approximately 4 microseconds 
in a circuit using the ordi- 
nary gas tube in the reprod, 
which would mean three micro- 
seconds from the time the 
transmitter pulsed until a re- 
turned signal would be effective 
in the receiver. Since the re- 
ceiver itself requires over one 
microsecond recovery time, it 
is important to keep the re- 
covery time of the reprod tube 
under that figure. 


18. To overcome the two 
previously mentioned disadvan- 
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tages, there was developed for 
the microwave equipment a type 
Of duplexer known as the T-R 
BOX; meaning "*"Tranemit—-Receive" 
Box. In other words, this is 
just another name for a du- 
plexer or reprod,. 


Tx. Tube Antenna 


es 
| 
' 





Fig.&&: T-R BOX - INTER- 
CONNECTION. 


This T-~R box functions in a 
manner similar to that used in 
meter search gear; i.e., its 
purpose is to short a point in 
the coaxial line leading to the 
receiver, and by so doing re- 
flect a high impedance back to 
its junction with the coax 
leading from the transmitter 

to the antenna (See Figure 8). 


19. Figure 9(A) shows a 
functional cut-away view of this 
type of T-R box, while Figure 
9(B) is the electrical equiv- 
alent circuit. Note that Fig- 
ure 9(A) shows a high potential 
(commonly known as "keep-alive 
voltage) applked to one elec- 
trode of the vapor-tube. This 
voltage holds the gap nearer 
the breakdown point, so that a 
amaller potential will be re- 
quired for ionization, and 60 
cuts off the receiver more 
rapidly, preventing the crys- 
tal or other input circuit of 
the receiver from being burned 
out during the initial rise of 
voltage as the transmitter fires 
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e cavity of the T-R 
box is resonant at the trans- 
mitter frequency, acting as a 
parallel resonant circuit as 
shown in Figure 9(B). 
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Fig.8-9: T=-R BOX 


Therefore, when the transmitter 
pulses, a high potential devel- 
Ops across the spark gap which 
breaks down, thus detuning the 
resonant circuit and thereby 
preventing further transfer of 
energy to the coaxial line lead- 
ing to the receiver. The tuned 
circuit (i.e., the resonant 
cavity) has a @ of approximately 
400; the impedance across this 
cavity is, therefore, very high 
when the spark gap is not firing 
and so will have no adverse 
effect when a weak signal is re- 
ceived. 


21. «A water-vapor tube is 
shown in Figure 9(a). Use of 
this type of tube cuts down the 
recovery time so that it is with- 
in the limits previously out- 
lined. Figure 10 gives a conm- 
parison of the recovery time of 
the water-vapor tube as compared 
to the meter-search type of gas- 
filled tube; note that the re- 
covery time is less than .5 
microsecond for the water-vapor 


tube. 
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Sensitivity 


1/2 Normal 
Sensitivity 
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Fig.8-10: 


22. The graph of Figure 
ll brings out another point of. 
interest. It is plotted as the 
amount of signal reaching the 
receiver when the water-vapor 
tube is firing, against time 
or age cf the tube. The water- 
vapor tube used on a T=-R box 
has a life of better than 1000 
hours, as shown. 


Recovery Time of 
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Signal Frotection 
Reaching Greatest 
kx. from Tx. : 
Tube Rapidly 
Going Bad 
0 S. 
Time. 
Fig.8-11: Performance Curve 


of a Water-Vapor T-=-R Box. 


A study of the graph indicates 
that the performance of the 
tube increases with age until 
it reaches. a point where it 
suddenly starts to go bad; this 
is evidenced by the rapid rise 
in the amount of transmitted 
energy reaching the receiver or 
crystal. This shows that, if 
left in too long, the tube will 
function so poorly that suf- 
ficient voltage will reach the 
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crystal to burn it out. 


23. With equipment developed 
for the higher microwave frequen- 
cies, a single rotatable antenna 
was again used, so here again the 
requirements could be met by a 
T-R box. However, since wave- 
guide is being used in present 
types instead of coaxial trans-~ 
mission line, the position of the 
T-R box has to be different. In 
a waveguide, energy flows along 
the inside walls on the pipe; if 
there is an opening in the side 
of the waveguide, e.g., the re- 
ceiver junction, no energy will 
flow past that point. Ifa 
short can be reflected to the 
Opening in the wall, the energy 
will move down the waveguide as 
though the wall were solid. 
Therefore, the T-R box must be 
one half wavelength from the 
point of junction as shown in 
Figure le. 


Wave Guide 
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Fig.8-12: 
Guide, 
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T-R Box in a Wave- 


When the transmitter pulses, the 
water-vapor tube in the T-R box 
fires, anda short is reflected 
one half wave back to point B, 
effectively sealing the wall of 
the wave guide--thereby pro- 
tecting the receiver and allowing 
the transmitted energy to flow 
out the waveguide to the an- 
tennae When receiving, the 
water-vapor tube does not fire, 
so the returned pulse is able 

to follow down the wave-guide, 
past the T-R box to the receiver. 


ANTI T-R BOX 


24, The type of trans- 
mitter tube used at microwave 
frequencies has a fairly cone 
atant impedance when conduct- 
ing or "hot", that is in the 
vicinity of 50 ohms at each of 
the several microwave fre- 
quencies. This 50-ohm value 
provides a good impedance match, 
to either the 50-ohm coax line 
or the waveguide. However, when 
"cold", or not firing, the trans- 
mitter tube presents to the 
waveguide or transmission line 
an impedance that is primarily 
a function of the "Q" of its 
resonant cavaties. This "Q" 
decreases at extremely high 
frequencies in a manner similar 
to that in which the "Q" of an 
ordinary tuned circuit decreases. 
As a result, the cold impedance 
of the transmitter tube used at 
the higher microwave frequencies 
is in the vicinity of only 500 
ohms as compared with 5000 
Ohms for the lower microwave 
frequencies. 


25. At these lower fre- 
quencies this 5000 to 50 (100 
to 1) mismatch with the trans- 
mission line is sufficient to 
prevent appreciable loss of 
energy in the transmitter tube, 
from a reflecting object. At 
the higher microwave frequencies, 
it is seen thet the miskatch 
may be in the vicinity of 10 
to 1, which is not sufficiently 
bad to prevent losing much of 
the received energy in the 
transmitter tube. As a result, 
it is necessary to modify the 
system, shown in Figure 12, by 
the addition of another box, 
called the ANTI-T-R BOX, giving 
an arrangement as shown in Fig- 
ure 13. This anti-T-R box is 
identical to the T-R box except 
asp to purpose. The anti-T-R 
box prevents the received pulse 
from following the waveguide 
back to the transmitter tube, 
Referring to Figure 13 it is 
seen that, when the transmitter 
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pulses, the water-vapor tubes 
in both the T-R and anti-T-R 
boxes fire, sealing the wall 
of the waveguide at points A 
and B, leaving the trans- 
mitted energy only the direct 
path to the antenna. 





To Rx. 
Waveguide System. 


26. When receiving, the 


pulse, appears across the slit 
it will cause a voltage break- 
down and create a short across 
the waveguide at that point. 


eras a) a 
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“If thisslit is sealed ina 
vacuum and placed in the wave- 
guide system (refer to Figure 
15), it can be used as either 
@ T-R or an anti-T-R box. 


Wave Guide 





tubes are not fired. It is now An-~ 
three/quarters of a wave length 

from the shorted end of the anti- 

T-R box to the wall of the wave- (An (T-R) 
guide at point A. This reflects TR) 

a high impedance to point A, Vacu | Vacuum 
effectively leaving the wall of Encloge: Enclosed 
the waveguide open at this point Resonan Resonant 


and so preventing the received Sl 
Signal from passing in the direc- 
tion of the transmitter tube. 

Thus the received signal sees 

@ low impedance path only in 

the direction of the receiver. 


ONANT SLITS 


27. Developmental work shows 
that a slotted metal plate such 
as is shown in Figure 14 will, 
when placed in a wave guide, act 
as a band pass filter, passing 
only the frequency to which it 
is resonant (as determined by its 
dimensions). If a pulse of high 
power, such as the transmitted 
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it Rx. Slit 


Fig. 8-15: Resonant Slits as 
Either T-R or Anti-T-R Bores. 


When the transmitter pulses, 
these slits arc over and re- 
flect a short back to points A 
and B, just as in the case of 
the ordinary T-R and anti-T-R 
boxes. When a weak signal is 
received, it passes point C to 
the receiver, due to the band 
pass characteristic of the slit. 
The slit at point D also acts 
as a high impedance at the re- 
ceived frequency and so prevent 
much of the received energy 
from passing point A and reach- 
ing the transmitter. 
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CHAPTER IX 


Frequency Conversion Systems 


1. A frequency conversion 
system is employed in lowering 
the frequency of any modulated 
carrier while maintaining).the 
original modulation envelope. 
This is accomplished by "beating" 
the received signal in a mixing 
circuit with the output of a 
local oscillator and selecting 
the difference frequency. 


2. To state briefly the 
need for a gonverter, it may be 
said that such a system is desired 
when the original frequency is 
too high to be amplified conven- 
jentiy with existing tubes. That 
is, if the frequency under con- 
sideration is so high that the . 
interelectrode capacities of the 
tubes materially affect the signal, 
or if, for instance, it is so high 

- that transit time of the electron 
flow in the tubes becomes sig- 
nificant, then the use of a sys- 
tem to lower the frequency with- 
out disturbing the modulated com- 
ponent is required. The beat 
frequency produced when the orig- 
inal and the local signal are 
mixed is called the intermediate 
frequency and is usually abbrev- 
ijated as IF. 


LOCAL OSCILLATORS 


3. In Figure 1, the simplest 
form of a converter system is 
shown. The frequency received 
on ‘the antenna is fed directly to 
the mixer, which in most cases is 
a tube, and the output of the 
oscillator is also fed to the 
mixer. The local oscillator must 
always remain at the correct dif- 
ference frequency with respect to 
the incoming signal, which in 
Radar would be the echo of the 
transmitted pulse, in order to 








Oscillator 


Fig. 9-1 $ 
System. 


A Simple Converter 


4. Conventional es: 
In meter type Radar Saeeeaas 
the local oscillator is of more 
or less conventional design, 
such as is found in short=+ 
wave receivers That is, it 
embodies no radically new prin- 
Ciples in its design. The cir- 
cuit constants may be of better 
quality than ordinarily used in 
short wave receivers, with high 
Q inductances, but the principle 
of operation remains the same.. 
Two types of oscillators used in 
conversion systems of this par- 
ticular frequency catagory are 
the Ultra Audion and Colpitts. 
In Figures 2 and 3 the conven- 
tional Ultra Audion and Colpitts 
oscillators, respectively, are 
shown. 


B+ 





produce the correct beat frequency Fig. 9-2: The Ultra Audion 
or IF. Oscillator. — _ ; 





5. The circuit constants 6. It is possible to vary 


may vary from the usual induct- the resonant frequency of the 
ances and capacities necessary to tuned circuit by varying the 
produce a high impedance at a length of the lines. Another 
certain frequency to the use of principle which is used is that 
open wire, or Lecher lines, and of the shorted turn. By placing 
coaxial lines as resonant cir- near the plate and grid lines 
cuits. a shorted loop or turn and vary- 


Be ing the distance between the two- 
the inductances of the lines 
can be varied. As the proximity 
of the shorted turn and the lines 
is increased the inductance de- 
creases, raising the resonant 
frequency of the circuit. 


7. Microwave Local Oscil- 
lators: In this particular por- 
tion of the frequency spectrum 
the local oscillators depart 
Fig. 9-3: The Colpitts Oscil- considerable from conventional 
lator. design. Under this division 

fall such types as reflex kly- 
strons and "Lighthouse Tubes". 
These latter methods of obtaining Their operation, however, is as 
@ resonant circuit are used when easy to comprehend as that of 
it is not practical, because of the conventional type. 
the high frequency, to use lumped 
inductances and capacities. For 8. The Reflex Klystron: 
instance, the oscillator in Fig- The reflex Kiystron is a device 
ure 1 could be redrawn showing for converting DC energy into 
shorted quarter wave lines used RF energy by alternately slowing 
as the resonant circuit. In Fig- down and speeding up an electron 
ure 4, the Ultra Audion is shown beam, utilizing the transit time 





with shorted lines acting as a between two points to produce an 
resonant circuit in its grid- alternating current which delivers 
plate circuit and a half wave power to a cavity resonator. A 
coaxial line to keep the cathode cavity resonator as in Figure 5 

at ground potential. -is a form of resonant circuit in 


which the current is distributed 
on the inner surface of an en- 
closed chamber. By making the 
chamber of proper dimensions, the 
circuit can be made to have a 
very high . at microwave lengths. 
An electron gun, similar to those 
in cathode ray tubes, furnishes 

a beam of electrons with a uniform 
average velocity which flows 
coaxially through the tube. Per- 
pendicular to the beam axis is a 
pair of grids. The grids are 
connected to the cavity resonater 
as shown in Figure 6. The elec- ~ 





trons have a velocity, v, (due to 

the acceleration of the Bc reson- 

Fig. 9-4: Ultra Audion Oscil- ator voltage), which is considered 

lator ‘Utilizing Shorted Quarter es the mean velocity of the elec- 
Wave Lines. trons. 
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Side View ~ Cufaway Top View 


Fig. 9-5: Ca vity Resonator 


Acce lerating 
Annode 


Enthodes 


Fic 9-6:The Reflex Klystron 
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Fig. 9-7: Equivalent Crkt OfThe Lighthouse Oscillator 
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Fig. 9-8: Lighthouse Oscillator 
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9. Assume that the cavity 
is oscillating. There will be 
an electrostatic field between 
the two grids, alternating sin- 
usoidally, at the resonant fre- 
quency of the cavity. This field 
will accelerate, retard, or have no 
effect on electrons passing 
through the grid structure, de- 
pending upon the phase of the 
electric field when the electrons 
pass through the grids. 


10. The electrons which pass 
through the grids while this field 
is zero, will maintain their 
original velocity, V.. After they 
pass through the second grid they 
continue toward a repelling or 
reflecting plate which is usually 
operated with a negative potential 
applied to it. In traveling to- 
ward the repeller plate, the elec- 
trons which have been accelerated 
by the field between the grids 
will tend to catch up with those 
whose velocities remain unchanged, 
and the electrons which have been 
decelerated will fall batk to 
the v, electrons. While the elec- 
trons are in this space, owing to 
their unequal velocities a “bun- 
ching" effect occurs. The higher 
velocity electrons penetrate this 
retarding field more and approach 
the reflector more closely than 
do the lower velocity ones, and 
therefore the high velocity elec- 
trons actually trave] farther for 
a given repeller voltage. 


11. The bunched electrons are 
ultimately forced back to the 
grids of the cavity with such a 
phase relationship that oscil- 
lations are maintained. This 
eliminates the necessity for dou- 
ble cavities, as in ordinary 
klystrons, simplifying the tuning 
problems and eliminating some of 
the drift space that would be 
required between two cavity reson- 
ators, since the same function is 
accomplished by the reflex prin- 
ciple in much less distance. 

There is one complication in the 
reflex klystron, however. The 
repeller electrode voltage is 


very critical. 


This usually requirea that its 
power supply be very well re- 
gulated. . 


l2. For a constant reson- 
ator voltage, a range of repel- 
ler voltages may be found 
through which oscillations occur. 
This range is known as the re- 
peller voltage mode and several 
such voltage modes may be found 
by varying the repeller voltage 
from minimum to maximun. 


13. There is one repeller 
voltage in each voltage mode 
which yields maximum power | 
output. The frequency at this 
point may be varied slightly 
when the repeller voltage is 
varied, so that a vernier con- 
trol of oscillator frequency 
is available. This makes 
possible the use of an automatic 
frequency system wherein it is 
only necessary to vary the DC volt 
age on the repeller in order to 
make the correct change in 
frequency. (See Chapter 19) 


14. The determining factor 
in the frequency of the klystron 
is the cavity resonator. 
some reflex*klystrons the cavity 
is tuned by variable plugs “in 
the cavity. The plugs when 
inserted further into the cavity 
act as shorted turns, decreasing 
the inductance. In other types 
of klystrons the spacing between 
the grids is changed by mechan- 
ically warping the cavity. 
all cases the cavity is the im- 
portant frequency determination 
element. The output to be fed 
to the mixer is taken out of 
the klystron by a loop inserted 
into the cavity. 


15. The Lighthouse Triode: 
The Lighthouse triode, so called 


because of its similarity in 
appearance to a lighthouse, is 
another local oscillator for 

use in the microwave region. 

Its equivalent circuit is shown 
in Figure 7 and is similar to an 
Ultra Audion type oscillator. 
The construction of a Lighthouse 
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tube is shown in Figure 8. The 
tube bese and glass envelope are 
so designed that they can be 
acrewed into the cylinders which 
form the resonant circuits in the 
same fashion that an ordinary in- 
candescent lamp is inserted in 
its socket. 


between the cylinders. This is 
similar to tuning Iecher or pare 
allel lines by moving a short 
along its length. 


MIRERS 


16, Several methods of com- 
bining the input signal end the 
local oscillator signal to pro- 
duce the intermediate frequency 
can be used. Most prominent 
among these are diode, grid, 
grounded grid triode, and crystal 
mixing circuits. In all cases 
the purpose of the mixer is to 
separate the beat caused by the 
two signals and isolate it from 
those frequencies so that it 
alone may be amplified further 
-in the following stages. For 
this reason the mixer is often 
called the first detector. 


17. Diode Mixers: Since the 
combined wave is always applied 
to a~G@etecting circuit, so that 
the desired beat frequency is 
contained in its output, use 
is often made of a diode. In 
principle its operation is iden- 
tical to that of reproducing the 
modulated components of a radio 
frequency wave from a broadcast 
transmitter. In this case it 
contains in its plate circuit 
or cathode circuit, depending on 
the arrangement used, many com- 
ponents, some of which will heve 
frequencies that are the sum and 
the difference of the frequencies 
of the various sine waves intro- 
Guced. However, since the load 
for the mixer is a tuned circuit 
resonant at the desired intermed- 
iate frequency, practically all 
of the other components will be 
unnoticeable in the output, 
Coupling to such a mixer circuit 


Tuning is accomplished 
by adjusting the shorting plungers 


might be made as in Figure 9. 





Signal 


From Local 
Oscillator 


Fig.9-93 Method of Coupling 
to a Diode Mixer. 


18. Grid pee ee In another 
type of mix two signals 
are combined in the grid circuit. 
(See Figure 10) 


Ie 
hy Gy 


Signal 










From 
Local 
Osc. 





Fig. 9-10; A Grid Mixer. 


By biasing the tube so that it 
operates near cutoff the beat 
between the two frequencies in 
the grid circuit is detected 
and reproduced in the plate 
circuit. A maximum amplitude 
of that signal occurs since the 
LC circuit is resonant at the 
IF frequency. 


19. In some instances the 
local oscillator signal is placed 
on one grid of the mixer tube, 
such as the screen grid, while 
the signal is applied to the con- 
trol grid. The effect is the 
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Fic. 9-H: Equivalent Crkt Of The Grounded Grid Triode. 
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same as produced when both sig- 
nals are put into the same grid. 
All the components appear in the 
plate circuit but the desired 
Signal, the intermediate fre- 
quency, has the greatest ampli- 
tude. 


20. Grounded Grid Triode: 
This type of mixer is particular- 
ly suited for operetion at very 
high frequencies in conjunction 
with a-reflex klystron. In. such 
@ mixing cirmit the operation 
is essentially the same as in 
grid mixing. The distinction be-— 
tween the two lies in the fact 
that both signals are put into 
the cathode circuit, instead of 
the grid circuit as in the case 
of the grid mixer. The equiv— 
alent circuit for such a mixer 
is shown in Figure 11. The 
grounded grid triode circuit is 
shown in Figure 12, 

21. The signal is coupled 
into the cethode circuit at a 
point on the line there an exact 
match for the inovut coaxial cable 
may be obtained. The ouput of 
the local oscillator is coupled 
at a deliberate mismatch. This 
keeps the local oscillator from 
being loaded too heavily, pre- 


vents the signal from being swamp— 


ed by too much voltage from the 
Oscillator, and does not allow 
the signal to enter the line to 
the oscillator. This line 1s 
usually made adjustable in length 
so that the match at the point 
where the signal enters may be 
maintained. 


22. Theee frequencies as 
well as their beat frequency will 
erpcer on the inner conductor of 
the line in the cathode circuit. 
Thus the filament voltage is 
varied with respect to the grid. 
This voltsge varietion on the 
cathode produces the same effect. 


as a varying grid voltage when 
the cathode is held at a constant 
potential. (In this case the 
cathode is directly heated) Al- 
though the filament-cathodce has 
no DC connection to the inner 
conductor of the coaxial line it 
is capacitively coupled et the 
end since only a small distance 
separates the inner conductor 
and the filament line, 


23. By grounding the grid 
of the mixer tube, the plate-to- 
cathode eo ete decreased 
considerebly. is is important 
Since a very small amount of 
capacity at the frequency con- 
cerned results ina great effect 
upon the signal. The tube is 
unconventional only.in its con- 
struction. It should be remem 
bered that it.is the difference 
in potential between gid and 
cathode in any tube which exerts 
the most control on the electron 
flow from cathode to plate. 
Whether the change in that voltage 
is made on the grid or cathode 
is of small consequence as 
long as the other element is 
held constant. 


24. Crystal Mixers: The 
term " Cry stat Mixer® refers not 
to-a quartz or similar crystal 
exhibiting piezo-electric 
effect but to a combination of 
crystalline material such as 
silicon and a fine point contact 
of metal such as tungsten. A 
crystal may be used in place of 
a diode for diode mixing since 
it possesses characteristics of 
high resistance to current flow 
in one direction and low resist- 
ence to current flow in the 
Other direction. Crystal mix- 
ers appear on the whole to 
have the highest signal-to- 
noise ratio. that can be obtain- 
ed in the frequency spectrum in- 
volved in microwave equipment. 
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CHAPTER X 


Artificial Transmission Lines 


le An artificial trans- 
mission line is any network com- 
posed of mympes constants, which 
can be used to introduce a time 
delay or to form an accurately 
timed pulse; it is similar to an 
ordinary transmiesion Line having 
distributed inductance and capa- 
city. e a transmiesion line 
is ordinarily thought of as ea 
special conductor for high fre- 
quency energy, a given length of 
it may be used to produce a time 
delay, or to form a rectangular 
pulse. Consider a unit length 
of ordinary transmission line. 
If a unit voltage is applied sud- 
denly to oOhe end, the resulting 
wavefront travels down the line 
with a velocity equal to 1/V LC. 
Thus whenever a brief, accurate 
time delay is required in Radar 
equipment a section of trens- 
mission line can be used to pro- 
duce that delay. 
istic (together with the fact 
that a section of transmission 
line, in charging or discharging 
through a matched impedance, 
tends to draw a constant current) 
is useful in the production of 
brief, rectangular pulses with 
which to excite driver-modulator 
systems. 


2. There is one outstand- 
ing disadvantage, however, in the 
employment of a section of trans- 
mission line to form a pulse or 
to produce a time delay. Assume 
that a time delay of about one 
microsecond is required, or that 
& pulse of approximately one 
microsecond is to be formed. If 
the wave traverses the line with 
@ speed comparable with that of 
light, 1t can be seen that a 
considerable length of trans- 
mission line will be required. 
Even if the required length of 
line were coiled up, it would be 
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much too bulky for use in air- 
craft, where weight and space 
are limited. Fortunately, the 
pulse forming delay and actions 
of a transmission line can be 
simulated by a properly designed 
artificial line which is far 
lighter and much more compact. 


3. The dietributed induc- 
tance of a section of trans- 
mission line is usually thought 
of as being in series with the 
line, while the distributed cap- 
acity is connected across the 
line. 





Sect. Sect.2 Sect 3 Sect. 4 


A: Artificial Line by Sections. 





B: As Ordinarily Shown. 


Fig. 10-1: Artificial Trane- 
mission Line. 


If the total distributed cap- 
acity and inductance of a given 
length of line are Known, it is 
possible to simulate that line 
for some purposes, by lumping 
the distributed capacity and in- 
ductance in the form of a small 
number of actual coile and con- 
Gensers. Figure 1 represents 
such a device and is usually re- 
ferred to as a "standard" line, 
a "normal" line or a " Section* 
line. 

















4. Characteristic Impe- 
dance: An artificia ne dis- 
plays some characteristic impe- 
dance just as does an ordinary 
transmission line. The charac- 
teristic impedance of the arti-e 
ficial line is the resistive inm- 
pedance which a long line would 
present to an electrical impulse 
induced in the line; it is im- 
portant indetermining the oper- 
ation of the line in conjunction 
with the apparatus to which it 
is connected. Numerically, it 
is equal to the square root of 
the ratio of the inductance to 
the capacity, and may be ex- 
pressed as 


Zn a YE 


where Z, is the surge or charac- 
teristic impedance of the line 
in ohms, L the inductance per 
section in henries, and C is 

the capacity per section in 
farade., By varying this ratio 
a line can be designed that will 
display an impedance suitable 
for a given application. 


5. If an artificial line 
is terminated in its character- 
istic impedance, voltages applied 
at ite input end will be dis- 
sipated by that resistance ter- 
mination without reflection. If 
the line is open-circuited at 
its terminal end, any voltage 
applied to the input will be re- 
flected back from the open end 
without change of phase, just 
as in the real line. 


DELAY LINE 


6. In many Radar equip- 
ments it is a common practice 
to coordinate the operation of 
the warious units by means of 
synchronizing or gating pulses 
initiated by a central timing 
control. Sometimes, to improve 
the operation of the system, it 
is desireble that one unit of a 
system be gated a few micro- 
seconds later than another unit. 
An artificial line may be used 


to effect the required delay. 





Artificial Trans- 


mission Line Used to Introduce 
a Delay. 


Fig. 10-2: 


7. For example, it may 
be desired that Vo, of Figure 2, 
be operated one microsecond later 
than Vz. An artificial line 
Capable of producing a delay of 
One microsecond is connected be- 
tween the timing oscillator and 
the grid of Vo. R, since it is 
the terminating resistance of 
the line as well as the grid in- 
put resistance of Vo, must be 
equal in value to the character- 
istic impedance of the line if 
reflections are to be avoided, 
Each section of line produces 
a delay expressed by 


s YLO 


where tq is the delay in micro- 
seconds, Lis the inductance of 
the section in microhenries, and 
C is the capacity of the section 
in microfarads. The total delay 
introduced by the line is equal 
to the sum of the delays in each 
section, or 


ta (per section) 


NY LC 


where N is the number of sec- 
tions employed. 


tg 2 


&. The artificial line 
is similar in characteristics 
to a low-pass filter. Sucha 
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_liter tends to pass all fre- 
quencies below its cutoff value, 
fa, and to reject all frequencies 
higher than f.. The greater the 
number of sections in the line 
the more sharply defined is the 
cutoff frequency, which may be 
expressed as 


fe 2 1 
nmVue 
9. Synchronizing pulses 
are usually either rectangular 
in shape, or consist of a sudden 
rise in potential followed by a 
slower exponential decay. Such . 
waveforms contain considerable 
high frequency components. If 
the delay line is to pass such 
ea wave without distortion, its 
cut off frequency must be high 
enough to pass the necessary fre- 
quency spectrum. Mathematically 
it has been proved that the time 
of rise for a pulse vente passed 
through a delay line is limited 
to the inverse of twice the cut- 
off frequency. 


PULSE FORMING LINE 


lO. In oreer to transmit 
short, powerful burets of RF 
energy the transmitting tube of 
microwave Radar systeme is mod- 
ulated, or keyed, by high- 
voltage, rectangular pulses of 
very short duration. A pulse of 
rectangular shape is desirable 
because it allows the Tx tube to 
operate with maximum efficiency 
and frequency stability. An 
artificial line mey be used to 
create the modulating pulse 
either at a low volt:ge -low 
power level (after which it is 
amplified by the moduletor 
system), or directly at a high 
power level. 


ll. In Figure 3 the four 
concensers of the line are 
Charged up to the potential of 

through the high resistance 
or Ro. Ro is so much larger 
than the characteristic impe- 
dance of the line that this end 


to be effectively open. If the 
ewitch, 8, is closed, the line 
abruptly begins discharging at 
a constant rate through Rj), 
which is equal to the character- 
istic impedance of the line. 
Obviously, if the network con- 
sisted of only the four conden- 
sers the discharge would follow 
an exponential curve and the 
current flow through R, would 
be anything but constant. How- 
ever, by using a well designed 
artificial line which contsins 
both inductance and capacity, 
the discharge rate can ce held 
to a substantially constant 
value as long as the line is 
discharging. 


Open 
End 





of the line 


be gi 


Fig. 10-3: Pulse Forming Line 
with a Mechanical Switch. 





At the instant the switch was 
closed the discharge wave start- 
ed traveling down the line to- 
ward the open end, causing it 
to lose half of its charge. 
Upon arriving at the open end, 
the wave is reflected back to- 
ward R,. As it reaches that 
point, the line is completely 
discharged and the current flow 
through R, abruptly ceases, 
terminating the rectangular 
voltage pulse appesring across 
that resistance. If the ewitch 
is opened, the line charges 
back up to the potential of F,. 


12. Figure + represents a 
more practical wcraion of the 
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circuit of Figure 3. To effect 
the microsecond timing required 
in Radar systems the switch of 
Figure 3 has been replaced by a 
thyratron gas tube. The gas 
tube is normally non-conducting 
because of its bias potential. | 
This allows the line to charge 
up to EB through Ro. The line 
is switohed to its terminating 
resistance, R,, when a positive 
trigger pulse drives the gas 
tube into conduction. The cur-— 
rent for this conduction is fur- 
nished by the line at a constant 
rate, causing a rectangular wave 
of voltage to appear across R) 
as long as the line discharges. 


if 


Ro 


Ou sutd L 


ph 


Fig. 10-4: Pulse Forming Line 
With Thyratron Switch. 


As the line becomes completely 
discharged, the plate voltage 
of the thyratron falls below the 
fonization point; the tube be- 
comes non-conductive, since 5, 
in a short period of time, is 
unable to supply enough current 
through the high resistance of 
Ro to maintain the plate volt- 
age. After the tube has ceased 


to conduct the line again charges — 


up to the potential of BE. A 
rather long charging time can be 
allowed since it normally takes 
place during the interval between 
transmitted pulses. 


13. “The charged line might 
be considered as a generator with 
an internal EMF of and an in- 


585555 O - 44- 8 


ternal impedance of Zo At the 
time the thyratron fires, the 
line (or generator) is effec- 
See ee across the resis- 
tance : 
and in bartos with tha Ome 
eee in Figure 5. Hence, 
@ woltage of E,)/2 will appear 
across RR). At the same instant 
a woltage wave, -E)/2, will start 
rs the line, be reflected back 
from the open end in phase; it 
will arrive back at Ry having 
completely discharged the line. 

At this time the thyratron ceases 
Ly conduct, and the voltage across 
drops abruptly to zero. Thus, 
the potential will have been main- 

tained across resistor R) during 
the time required for the voltage 
wave to travel down the line ane 
return. It can be seen that 
ratron merely starts the entien 
and that the time of its conduc- 
tion 1s determined by the charac- 
oo of the pulse forming 
ine. 


et = ee 





t—eg2/t =4 


Fig. 10-5: Half the Line Volt- 
age is Developed Across the Qut- 
put. 


14, In connection with the 
delay line it was pointed out 
wees time delay is equal to 

: However, in the case of 
a pulse-forming line charged to 
a given votential, the voltage 
Wave must move down the line and 
back, thereby producing a time 
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delay twice as great. Thus the 
width of the voltage pulse de- 

veloped across the terminating 

resistance is determined by 


t= 2NYLC 


while the pulse repetition rate is 
dependent upon the frequency of 
the timing oscillator which 
triggers the switch tube. 


15. <A variation of the 
pulse-forming circuit is shown 
in Figure 6. Assume that the 
amplifier tube is normally non- 
conducting and that it is de- 
sired to produce a rectangular 
pulse of short duration at the 
output. The cathode resistance 
of the amplifier is replaced by 
an artificial line. The tube is 
put into operation by the sharp 
rise in voltage as the leading 
edge of a rectangular wave is 
applied to the grid. At this 
instant there is a sharp in- 
crease in plate current, which 
establishes a voltage wave be- 
tween cathode and ground. This 
voltage starts down the line and 
upon reaching the open end (Ro 
is very high compared to the 
characteristic impedance of the 
line), is reflected back without 
chanve in polarity, arriving 
between cathode and ground after 
a time 2NYLC. This sudden in- 
crease in voltage on the cathode 
is sufficient to cut off the 
tube. Thus the pead*ng edge of 
the output voltage pulse (appear- 
ing across resistance Rz) is 
formed as the tube is placed in 
conduction, and coincides with 
the leading edge of the pulse 
on the grid. The constant am- 
plitude of the output pulse is 
maintained by the character- 
istics of the line. The trail- 
in edge of the output pulse is 

ormed as the line c the tube 
off at the time eNY LC; it bears 
no relationship to the grid volt- 
age. After the tube is cut off, 

the line discharges slowly 
through Ro - until the cathode 
voltage becomes low enough to 


allow the tube to conduct, or 
until a pulee again drives the 
tube into conduction, initiating 
a new cycle of operation. 


Pulse Output 
ie , 
SOY 00 ¥ 00 1 = 


Fig. 10-6; Pulse Forming Line 
in the Cathode Circuit of a 
Tube. 


16. The circuit of Fig- 
ure 6 does not necessarily have 
tobe an amplifier stage. It 
may well be an RF oscillator, 
or transmitting tube, with an 
artificial line in its cathode 
circuit. Such a line will de- 
termine the width of the RF 
pulse tranemitted, whenever the 
Tx circuit is triggered by the 
timing oscillator. 


GUILLEMIN LINE 


17. The standard line is 
quite satisfactory when used to 
produce a delay, but it has 
limitations as a pulse-forming 
device. This difficulty arises 
from the fact that each section 
of the line tends to produce a 
hump, or ripple, in the flat 
top of the rectangular wave out- 
put. This effect can be mini- 
mized by using a large number 
of small units to obtain the re- 
quired amountof inductance and 
capacity. The resulting rip- 
ples, while more numerous, 
would be of much smaller ampli- 
tude. This would result in 
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some improvement, since the arti- 
ficial line would then be a closer 
approximation to a real line. The 
objection to following this pro- 
cedure is that the line would lose 
some of its compactness, as well 
as become more complexin design. 
Actually, when pulses are formed 
by artificial lines at low power 
levels and then amplified, some 
‘deviation in the pulse shape can 
be tolerated; this is because 
amplifiers can be operated so as 
to effect a small amount of 

plate limiting, and thus clip the 
uneven flat top before it is 
applied to the Tx tube. 


10. When pulses are to be 
developed initially at high power 
levels for direct application to 
the Tx tube, there is little or 
nothing that can be done to in- 
prove the pulse shape when ucing 
a standard line. To meet the 
rather rigid pulse-forming require- 
ments of such a situation a 


special type of line, the "“guillemin® 


line, has been designed. This is 
shown in Figure 7. The line is — 
charged through R) (which can be 
replaced with a choke). O,, the 
main storage condenser of the line, 
must withstand the full potential 
Ep. Closing switch Sw. causes the 
line to discharge through Ro, The 
design of the line is such that, 
on discharge, a more nearly con- 
stant current flows through the 
terminating impedance than can be 
obtained with a standard line. 

Thus a rectangular wave with a more 
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acceptable flat top is obtained. 
This line may be used to create 
pulses of very high amplitude 
for direct application to the 
Tx tube. 
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Fig. 10-7: 
Mechanical Switch. 


Guillemin Line with 


19. In practical appli- 
cation the switch is replaced 
with one or more thyratrons 
with their cathode-plate paths 
in series to divide the high 
voltage of &., The discharge 
of the line is effected by trig- 

ering the grids of the thyra- | 

rons. Ro, in this case, is re- 
placed by the Tx tube, and the 
impedance of the line and the 
impedance of the Tx tube are 
matched. 


CONFIDENTIAL 


CHAPTER XI 


Driver end Moduletor Circuits 


/ 


1. The transmitting tube 
employed in microwave Radar 
systems is not adaptable to the 
self-pulsing principle discussed 
in Chapter V. The same results 
mey, however, be obtained (with 
some imorovement) by keying its 
plate voltage. In Radar, cir-— 
cuits which perform this func- 
tion are referred to as "Driver-— 
Modulator Systems". A modulator 
is defined ae any circuit supply— 
ing power to the RF oscillator 
in the form of a timed, high- 
amplitude, rectangular pulse. 

A driver is any circuit which, 
when triggered, is designed to 
drive a modulator with a rec-— 
tangwlar pulse of accurately— 
timed width. The driver is 
triggered by eome form of re- 
petition rate oscillator which 
determines the pulee recurrence 
frequency of the system. The 
actual shaping of the modulating 
pulse occurs in the driver cir- 
cuit, which usually contains 
some type of pulse-forming net-— 
work or artificial line. 


2. There are two general 
types of driver-modulator sys- 
tems; Those employing vacuum 
tube amplifiere, which amplify 
pulsea generated at low voltege; 
end those which make use of a 
spark or arc discharge, gener— 
eting pulses directly at a 
high power level. In either 
case the moduletor muat supply — 
the power to excite the Tx tube; 
therefore, Griver-—modulator de- 
sign requirements sre greatly 
influenced by the characteris- 
tics of the Tx tube. For this 
reacon certain characteristics 
of the Tx tube will be consider- 
ed nefore describing the mod- 
ulstor equipment end the essoci- 
ated driver circuits. 


RF OCILLATOR 


3. For the purpose of this 
discussion the Tx tube may be 
considered to be a high imped~ 
ance diode. This means that the 
applied plate voltage during 
pulsee must be rather large, 
14,000 volts being a typical 
value for present airborne 
equinoment. When this potential 
is apolied, it may be assumed 
that the tube will oscillete at 
or near a predetermined frequen— 
cy, eince its oscil’ atory cir- 
cult is an integraj. part of the 
tube iteelf. A small pickup loop 
within the oscillatory circuit 
couples the useful RF output to 
the transmission line or vwave- 
guide leading to the antenna. 

The plate @f the tube is opera 
ted at ground potential for safe- 
ty reasons, since it is directly 
connected to the metallic sool- 
ing fins surrounding the tube. 
This also reduces undesirable 
Capacity to ground, since the 
cathode area is much smaller the 
the plate area. This capacity, 
if of any appreciable value, in 
charging and diecharging with the 
aplication of modulating pulses 
might be instrumental in distort- 
ing the shape of those pulses. 
This is discussed in more detail 
later in the chapter. 


4, If the voltage applied 
to the Tx tube is varied and 
those variations plotted against 
the resultant current flow, two 
Significant facts are brought 
out: First, there is a certain 
level of voltsge at which the 
tube performs most efficiently; 
second, as the voltsge is in- 
creaeed to that value fromzero, 
the tube tends to oscillate at 
more than one mode or frequency. 
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For these two reasons the modu- 
lating pulse formed in the driver 
should rise from its zero value 

to the operating level ase quickly 
as possible, preferably in a small 
fraction of a microsecond, and re- 
main at that level for the dura- 
tion of the pulse. At the con- 
Clusion of the pulse it should 
fall back to zero in a small frac- 
tion of a microsecond, thus forn- 
ing a rectangular pulse. Assum- 
ing that the modulator following. 
the driver introduces no object— 
4fonable distortion, the Tx tube 
may be expected to operate with 
maximum frequency stability and 
efficiency. There is yet a third 
reason for the modulating pulse 
being rectangular in shape; it 
permits more accurate timing of 
the interval between the trans- 
mission of a pulse and the in- 
stant its reflection is received. 


MODULATOR 


5. <As an approach to the 
modulator, the simple circuit of 
Figure 1 is presented. C is the 
storage condenser. It must sup- 
ply the voltage and current to 
excite the Tx tube during pulses 
R, and Ry are comparatively large 
resistors which allow C to charge 
up to the full — potential 





Charge — ——.~ —Discharge 


n> 


during the interval between pulses. 


Fig. ll-l: Elementary Modulator 

(Assume in this discussion a pulse 
width of one microsecond and a PRF 
of 500). 


No charging current flows 


through the Tx tube, since its 
cathode is positive with re- 

Bpect to its plate. Now consid- 
er what happens when the switch 
48 closed. This connects side X 
of the fully charged condenser to 
ground and to the plate of the Tx 
tube. Since side Y is already 
connected to the cathode, that 
element is now quite negative with 
respect to the plate, thus driv- 
ing the tube into conduction and 
oscillation. The small discharge 
current that flows through the 
high resistance of Ry is of little 
consequence as compared to that 
flowing through the much lower 
impedance of the tube. The high 
potential source, Mm, is effect- 
ively removed from the circuit by 
the shorting action of the switch. 
This causes no damage, however, 

as the rate of current flows 
through the high resistance, R,, 
is small. 


6. Obviously, if the switch 
remains closed, the condenser will 
discharge along the usual ex- 
ponential curve. Phe shape of 
the RF pulse will then be anything 
but the desired rectangular en- 
velope, and will be much too wide. 
If, however, the switch remains 
closed for only one microsecond, 
the condenser will have released 
only a small fraction of its total 
charge, even though the discharge 
rate in amperes is quite heavy 
(See Figure 21). The resulting 
loss of potential at the 


condenser will then be such a 


small percentage of the original 
14,000 volts that for all 
practical purposes the voltage 
applied to the Tx tube is 
substantially constant during the 
pulse. This forms the flat top 
of the rectangular pulse. Since 
the starting and stopping of 

the pulse are accomplished by 
opening and closing a switch, 
the pulse applied to the Tx 

tube will have vertical sides, 
thus attaining the required 
rectangular pulse shape. The 
ideal waveform is shown in 
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Figure 2. 


¢. The mechanical switch 
arrangement of Figure 1 would 
not be practical in an actual 
installation, since it would not 
be capable of performing within 
the timing limitations; there- 
fore the switching arrangement 
must be electronic. 





Fig. 11-2: Relation between 
Charge on the Storage Conden- 
ser and Voltage across the RF 
Oscillator. 


8. In Figure 3 the 
switch of Figure 1 has been 
replaced by a vacuum tube. 
The bias potential applied to 
the grid of V] is sufficient to 
cutoff the flow of plate cur 
rent. <As in Pigure 1, 0 will 
charge up to potential of B, 
through R, and Ro, If a posi- 
tive potential of sufficient 
amplitude is applied to the grid 
of the modulator tube, its nega- 
tive bias is removed for the dur- 
ation of that positive pulse; the 
modulator tube is driven into 


heavy conduction (usually te satu- 
ration), the current for this con- 


duction being furnished by the 
charge stored in C. As in Figure 
1, st (since it is a high resist- 
ance) does not permit the supply 


potential to be shorted by the 
conducting modulator, thus very 
little current is actually sup- 
plied by EB, during pulses. 
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© Charge-> Discharge —~— 
Fig. 11-3: Nodulator with 
Vacuum Tube Switch. 


The little current that does 
flow passes through the mod- 
ulator only and thus serves no 
useful purpose. The modulator 
upon going into conduction be- 
comes a low impedance path be- 
bween side X of the storage con- 
Cnser and ground. Since side 
X of the condenser has been vir— 
tually shorted to ground and to 
the plate of the Tx tube, the 
cathode of the Tx tube becomes 
Quite negative with respect to 
its plate; conduction and oscil- 
lation result. Thus the dis- 
charge path of C involves the 
plate-cathode paths of both the 
modulator and the Tx tubes as in- 
dicated in Figure 3. While 
is in parallel with the Tx tube, 
it is such a high resistance 
that the small current flow 
through it does not constitute 
any serious loss. 


9. Again the high voltage 
supplied to the Tx tube must be 
terminated after the desire 
pulse width, say one microsecond, 
This is effected at the grid of 
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the modulator when the square wave it should, but would tend to 
pulse supplied by the driver drops linger in the zones of ineffi- 
abruptly to zero. The normal cient and off-frequency oper- 
negative bias supplied by 5, ation. When the modulating 
through R3 again cuts the tube off. pulse is removed, this mame ca- 

C then charges up to the potential pacity, by giving up its charge 
of. Ep through R, and R2 in the com- would be instrumental in prevent- 
paratively tong period of time that jn¢ the sudden drop of voltage 
will exist before another pulse is across the Tx tube. This effect 


applied to the grid of the modulator 4, illustrated in Fi A). 
tube by the driver. : gure 4(A) 


160. From the foregoing dis- 
cussion it is evident that the 


length of time the electronic Ov. 

switch, or modulator, allows C to ---7f--- 

discharge will be dependent upon (Modulating Pulse 
the width of the pulse supplied Obtained from the 
by the driver. There are, how- Circuit in Fig. 2. 


ever, several changes desirable 

in the basic modulator circuit to 

improve its efficiency and to in- (A) 
sure a more nearly rectangular 

output pulse. ' 


Ov. sat oa 7 
ll. It has been pointed out fodulating Pulse 
that the high voltage pulse re- Obtained from the 
quired to excite the Tx tube must Circuit in Fig. 5. 


be rectangular insape. The waveform 
shown in Figure 2 represents a close 
approach to this ideal; however, 

the waveforms of a simple modulator 
(such as Figure 3), may not be so 
nearly perfect. One source of 
trouble is the interelectrode 
capacity of the oscillator tube; i.:., 
the oapacity that exists between the 
cathode and the plate. In par- ; 
allel with this is the capacity 
between the cathode external 
conductor and whatever grounded 
structure there is near it. It 

is to reduce this latter factor 

that the plate (with its large 


(B) 
C Charging 








Modulating Fulse 
Obtained from the 
Circuit in Fig. 6. 


(C) 





cooling fin area) is operated Fig. 11-4: Modulator Waveforms 
at ground potential, instead of 

the much smaller cathode. The 12. In Figure 5, R, of the 
total capacity in shunt with the basic circuits has been Seplaced 
Tx tube must charge up whenever by a choke of abut 10 mh. This 
a modulating pulse is applied. choke, Lz, with its smaller DC 
As a.result, the leading edge Resistance insures that the 

of this pulse may not be vertical storage condenser is charged to 
as desired. This would mean the potential of £) in the in- 


that the voltage across the Tx 
tube would not reach the 
Operating level as quickly as 


terval between pulses. When the 
modulator is driven into con- 
duction, allowing C to discharge, 
the discharge current will flow 
almost entirely through the Tx 
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tube, very little getting through 
the parallel path, Lo, in the one 
microsecond pulse interval. In 
addition the inductive reactance 
of the choke tends to offset the 
capacitive reactance of the Tx 
‘tube's interelectrode capacity 
thus offering a more nearly re- 
sistive load for the modulator. 
This would tend to straighten 

the leading edge of the modulat- 
ing pulse. When the pulse is 
removed from the Tx tube, the 
inductive kickback from the 

choke assists in cutting off the 
pulse sharply, since it minimizes 
the effect of the interelectrode 
capacity. This is more important 
on the trailing edge of the mo- 
ulating pulse than om the leading 
edge, since the trailing edge in 
general seems to suffer more from 
capacity effects, Figure 4(B). 


From 
Driver 
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Fig. 11-5: Modulator Using 
Inductive Charge Fath for C. 


13. This corrective measure 
has introduced a new problen, 
however, Since the choke and 
distributed capacity in shunt 
with it form an oscillatory 
circuit which is shocked into 
oscillation upon the removal 
of the modulating pulse, Fig- 
ure 4(B). This cannot be tol- 
erated, because the Tx tube 
would again be driven into 
oscillation on each negetive 
alternation of the oscillations 
produced across Lo. This would 


cause "trailing" of the RF 
pulse which would limit the 
minimum range of the systen. 


14. This undesirable 
effect can be eliminated by the. 
introduction of a damping diode 
as shown in Figure 6. 


Damping Tx 


fe— Modulator —+. Diode ote Tube| 


E 


|! 
Fig. 11-6: Modulator with 
Damping Diode. 





On positive alternations of any 
oscillation attempted by L and 
its shunt capacity, the diode 
conducts, quickly damping out 
the oscillations shown in Fig- 
ure 4(B), and resulting ina 
modulating pulse shape as shown 
in Figure 4(C). Since the cath- 
ode-plate connections of the 
damping diode are just opposite 
to those of the Tx tube, no cur- 
rent is passed through the diode 
when the Tx tube is conducting. 


15° In some modulators the 
resistor R, of Figure 1 and 3 
is replaced with a choke, thus 
effecting an additional reduc- 
tion in the resistance of the 
DC charging path cf C. The re- 
actance of the choke renders it 
effectively en open circuit dur- 
ing the brief pulse ;jeriods; 
therefore it does not short out 
the supply potential Ey. 


16. It should be noted at 
this point that in recent models 
of some equipments the tendency 
is to revert to the basic type 
of modulator circuit (shown in 
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Figure 3), wi:ich omits the damp- 
ing diode end the inductances, 
L,, and Lo, in favoreof the more 
easily obtained resistors. The 
resulting loss of performsnce 
does: not appear to be of suffic- 
lent importance to justify the 
rether expensive modifications 
and their accompanying procure- 
ment difficulties. 


17. In the somew.iet simpli- 
fied drawings used thus far, the 
modulator has been indicated as 
a single tube. Actual circuits 
used in the past hsve employed 
two tubes in parallel to pass the 
heavy current flow required dur- 
ing pulses. Because of the e&x- 
cessively high voltage employed, 
tubes with thoriated tungsten 
filaments such as the 504TH were 
used. Filaments of thoriated 
bungsten require excessive cur- 
rent to heat them to the required 
operating tempersture. Oxide~ — 
coated cathodes are capable of 
producing the required emission 
with much less heater current, 
but they are unsatisfactory 
because of the fact that under 
high voltage the oxide on the 
cathode tends to vaporize and 
settle on the grid, thus contam- 
inating it. This is undesirable 
Bince an oxide-coated grid may 
‘become an emitter of electrons, 
losing its control of the plate 
current flow. 


18. This inherent aefect of 
the oxide-coated. cethode: has 
been overcome recently in a new 
type of tube known as the 715A. _ 
The grid of this tube is plated 
with gold. This tends to taint 
any oxide coating; accumulating on 
the grid, preventing or greatly 
reducing the possibility of grid 
emission. The improved perfor- 
mance obtained with th.s tube is 
such thet one of them may be used 
as the modulator in some installa- 
tions. 


DRIVERS 


19. In the above discussion 
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of modulators it is assumed that 
the modulator grid is driven by 
@ pulse from the driver of the 
correct w.dth and rectsnguler 
shape. The modulator cannot be 
expected to function properly 
with a badly adjusted or poorly 
Gesigned driver. iIn general there 
are two types of drivers used in 
microwave Kedar equipment. 

These ere the "Bootstrap" Driver 
and the "Single Tube"Driver. 


20. Bootstrap Driver: Fige 
ure 7 re opeaents« typical oir: 
cuit of the bootstrap cirver. 

It employs three tubes: V7, a 
protecting or isolating diode; 
Vo, @ ges tube (thyratron); and 
Ve, a high vacuum, power tetrode. 
the modulator tube is shown at 


the right in order that its re- 


lation to the driver may be seen. 
For simplicity of explenation the 
sources of all high voltage and 
bias potentials are represented 
by batteries. 


21. The circuit is triggered 
into operation by a pulse from 
the timing oscillator. In the 
absence of any trigger pulse the 
voltage of B, is sufficient to 
bias the grits of Vo and V3 to 
cutoff; the modulator grid is 
held at cutoff by the potential 
of Bo. Notice that the only 
direct ground connection in the 
circuit is at the cathode of the 
modulator. The trigger pulse is 
indicated as a rapid rise in volt- 
age, followed by a slower exponent- 
ial decay. Its exact width is 
not critical sc lon. as the lead- 
ing edge is vertical to insure 
that the gas tube is triggered 
sharply into operation. C,, the 
diode path, Ro, and Ra constitute 
a short time constant as compared 
to the width of the trigger pulse. 


22. The application of the 
trigger pulse to the circuit re- 
sults in a sharp rise in voltage 
at the grid of the ¢ss tube, 
triggering it into conduction. 
The current for this conduction 
must be furnished by the srti- 
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[if 
By 
Fig. 11-7: 


ficial transmission line which, 
previous to the trigger pulse, 
had charged up to the a 
at the tap on B, (through R 

The line must discharge cee 
the impedance of Ry, and the 
cathode-plate path of V5. The 
impedance of this path Is de- 
Signed to be the same as the 
surge impedance of the artificial 
line. Therefore the instant the 
gas tube conducts, the voltage 
across the line drops to half 

of its original value. 


23. This will be more appar- 
ent if the line is regarded for 
the moment as a gemerator of 
a given internal impedance. If 
an impedance of the same value 
is then switched across the gen- 
erator, the voltage at its ter- 
minals drops to half its original 
value. 


24. Returning to Figure 7, 
as the thyratron tube switches 
the artificial line to its ter- 
minating impedance, it begins to 
discharge at a constant rate; 
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Bootstrap Circuit. 


meanwhile, the remaining half of 
the voltage travels down the 
line as a negative wave. This 
wave reaches the open end and is 
reflected back toward the thy- 
ratron. As it reaches that tube, 
the line is completely discharg- 
ed; therefore the plate potential 
drops below the ionization point, 
thus cutting the tube off. This 
will happen in spite of the con- 
nection to Bo through Ry because 
that resistakce is too eepe to 
permit the passage of enough 
current from Bo to maintain the 
voltage at the plate of Vo dur- 
ing pulses. The much longer 
interval between pulses is suf- 
ficient, however, for the line 
to charge back up to the poten- 
tial at the tap of Bo. 


25. From the foregoing 
discussion it is evident that 
if it is desired for a voltage 
pulse to appear across R, for 
One microsecond the effective 
length of the artificial line 
be such that one microsecond is 
required for a wave to travel 
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down the line and hack to its 
starting. point. Since the line 
discharges at a constant rate, 
during that period the IR drop 
across Rg will be @ square wave 
pulse of one microsecond dur- 
ation. It is this pulse that is 
amplified in the modulator circuit 
and applied to the plate circuit 
of the Tx tube, causing it to 
oscillate for one microsecond. 


26. Now consider the effect 
of the one-microse ond pulse 
across R, on the. circuits that 
follow. This pulse is coupled 
to the grid of-V3z, with little 
resulting distortion, by means 
of Cz and Ks. 'It is of sufficient 
amplitude to drive Vz from a cut- 
off condition into one of heavy 
conduction. This means that 
Vz will be conducting quite 
heavily for one microsecond, or 
as long as the pulse appears on 
R4. Before conduction, the ceth- 
ode of Vz was at the same poten- 
tial with respect to ground as 
the negative side of Bo (no IR 
drop across Rg). During con- 
duction, However, it rises to a 
highly positive potential; that 
is, electrically, it is moved 
nearer to positive side of the 
series combination of Bo and Bs. 


The potential of Bz is approximately 


half that of Bo; nevertheless, it 
can be seen that if the cathode 
were directly connected to the 
positive side of Bz it would then 


be positive with respect to ground. 


This extreme is, of course, not 
possible because. the plate-cathode 
path of Vz, when conducting, is 
not a perfect conductor, so there 
will be a comps retively small 
voltage drop across it. There- 
fore the actual cathode potential 
with respect to ground will de- 
pend on the ratio of the resist- 
ance of Re to the resistance of 
the plate-cathode path of Vz. 


27. The letter becomes 
sufficiently small during con- 
duction to allow the cathode to 
become quite positive with re- 
spect to ground. It must be 


remembered, however, that the 
cathode of Vz before conduction 
was highly négative with respect 
to ground. Going from ahigh nega- 
tive value to a rether high 
positive value means a lerge to- 
tal voltage varietion. In actual 
circuits it may be .as much as @ 
thousand volts or more. Since the 
only point in the circuit that is 
grounded is the junction of : 
B2, Bs and the cathode of the 
modulator, the entire circuit of 
Vz, (including the gas tube and 
ibs pulse shaping line) rises 
above grouna during the pulse 
voltage (1000 volts or more). 

This accounts for the coldrful 
name,‘ "Bootstrap" circuit, for 


it literally pulls itself u 
to ery hi i oltage b its 
Esoeeteans. (Figurative ly 


speaking, the position of the 
cathode of Vz is ow to 
that of a "bootstrap 


28. The high-voktage rec- 
tymgular pulse developed across 
Rg is coupled directly to the 
grid of the modulstor. The 
latter is driven from cutoff to 
saturation, applying a very high — 
negative voltage to the cathode 
of the Tx tube, causing it to con-. 
duct heavily and oscillate for the. 
désired pulse duration. 


29. Notice that Vo, V3, 
and the modulator are cathode- 
coupled and biesed to cutoff 
between pulses. . {It would heve 
been possible to arrange the load 
impedances so that the useful out- 
put could be taken from the plate 
circuits of Vo and Vs am still 
obtain a positive pulse to drive 
the modulator. It would have 
been necessary, however, to allow 
Vz to conduct during the longer 
period between pulses to obtain 
the polerity inversion necessary 
in this instance. 


oj oper ee 
with @]11 drtver-moduletor tubes 
non-concuctive between pulses, & 
considerable reduction i power 
consumption an ower su re- 
uilrements can be ee together 
ube 


with increase Ce 
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30. Vz 18 called the pro- 
tective, or isolating, diode. 
As its name implies, it isolates 
the driver stage from the trigger 
circuits preceding it. Positive 
trigger pulses in charging up C, 
cause the plate of the diode to 
become positive with respect to 
its cathode. It conducts, thus 
passing the trigger pulse to the 
grid of Vo, Cy is charged very 
quickly by this action and, after 
the removal of the applied posi- 
tive trigger voltage, will tend 
t> discharge. If the diode were 
not present, this would cause the 
grid of the thyratron to become 
even more negative than its bias 
voltage. This might result in 
positive ion bombardment within 
the gas tube thus shortening its 
useful life. With the diode 
present, however, the negative 
potential is blocked, since Vj 
will not conduct with its plate 
more negative than its cathode. 
The condenser is then forced to 
discharge through R,. Aside 
from this, it will be recalled 
that when V. conducted, the high 
voltage pulde appeared at its 
cathode, causing the entire cir- 
cuit of Vo to be lifted to a high 
potential. This surge might 
Cause some ill effects on the pre- 
ceding trigger circuit, if it were 
not for the isolating diode which 
will not pass this positive poten- 
tial (since its cathode becomes 
more positive than its plate). 


31. Note that a condenser, Co, 
is connected from the cathode of 
Vo to the lower side of Ro, This 
i6 necessary because as the cathode 
Of Vo goes positive during pulses, 
the entire potential developed 
across Ry and R¢ during pulses, 
plus the already present bias po- 
tential of B,], would drive the grid 
of Vo quite negative with respect 
to ite cathode, once triggered into 
conduction. This would result in 
the injurious positive ion bombard- 
ment mentioned above. Connecting 
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the grid to the cathode, via Co. 
the grid will rise as the cath- 
ode rises, thus avoiding an ex- 
cessively negative grid poten- 
tial yet still permitting 

enough potential to be developed 
across Ro during the trigger 
pulses to drive Vo into conduc- 
tion. 


32. Single Tube Driver: 
Somewhat more recent develop- 
ments have resulted. in a driver 
circuit which required but a 
single tube. In Figure &, the 
tube (actually a double beam 
tetrode with both sections in 
parallel) is biased to cutoff 
between pulses. 
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Fig. 11-8: Single Tube Driver. 
The action is initiated by a 
positive trigger pulse from the 
timing oscillator. The positive 
pulse voltage tends to in- 
crease the charge already on the 
artificial line due to the pres- 
ence of the bias battery. This 
causes the line to begin chang- 
ing its level of charge to equal 
the new value of potential. 


33. This is true in spite 
of the inductive reactance of 
C),, inasmuch as there is enough 
atoeri buted Capacity across that 
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winding t¢@ permit the trigger 
pulse to be instentaneously 
effective on the grid of. the tube. 
The applied pulse renders the 
grid of the tube less negstive, 
driving it into conduction. As 
a result of this conduction 
throuzh the primery of the trans- 
former, a sharp rise in voltage 
eppears. across the seconderies, 
forming the leadin: edge of the 
pulse. The new high voltage now 
present across $j reinforces the 
positive trigger pulse carrying 
the grid further in the positive 
direction and increasing plate 
current flow through the primary 
which continues to build up its 
magnetic field. 


54. The result of the re- 
generative action under way is 
that plate current flow through 
the primary increases along the 
usual exponential curve as rap- 
idly es its. inductive reactance 
will permit. For all practical 
purposes the tirst part of this 
curve may be considered linesr, 
Leter it will be seen that the 
artificial line will interrupt 
this action before the curve 
becomes too non-linear. For 
the moment, the current through 
the primary is increasing at.a 
substantially constant rate, 
which maintains e constant volt- 
age at both seconderies, and so 
forms an acceptable flset top for 
the rectangulsr output pulse. 
The volta;.c across Seq is consid- 
erably higher than that across 
Sj} because of its higher turns 
ratio with respect to the primery. 


35. The artificdal line is 
now cher ging to the new high po- 
tential developed across 8}. 
Since the : rid is actually posi- 
tive with respect io the cathode, 
the charging current's completed 
path to the line includes the 
crid-cathode path of the tube 
and whetever impedance there is 
at the input of the circuit due 
' to ‘the precedin=; stage. As the 
line continues to charge at a 
constant rate, the current flow 
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in the prinary increases at a 
constant rate, thereby maintain-e 
ing a constant voltage across 

the secondaries. The pulse is 
terminated as the artificial 

line becomes fully chérge@, The > 
latter then has a potential eyual 
in amplitude and opposite in pol- 
arity to that across 83; it is, 


therefore, effectively an open cir- 


cult. 


56. This means that charging 
current through the cathode- 
grid.path of the tube ceases 
abruptly, allowing the grid to 
fall in the negative direction. 
Plate current flow through the 
primary will likewise begin to 
fall off at this point. This 
causes the voltage across the 
seconderties to fall abruptly 
since the lines of force about 
the primary no longer increase; 
and as those lines of force col- 
lapse, a new- high voltage of 
opposite polarity -appears across 
the secondaries. Since the volt- 
age across S), is reversed, it now 
tends to bring about the dis- 
charge of the artificial line. 
The line can therefore no longer 
be regarded as an open circuit 
for the moment, the potential 
it had already acquired is in 
series with the potential scross 
S;,, driving the grid of the tube 
sharply beyond cutoff. Once 
cutoff, the tube will be main- 
tained in thet condition by the 
normal bias potential. 


57. Thus it is sean tnat the 
initial sharp rise across the 
output secondary, So, results 
from the flow of plate current 
through the primery, as the tube 
is shrown into conduction. The 
constant voltage level, or flat 
top, is maintained by the linear- 
ity of the current rise through 
the primary. The sharpness of 
the trailing edge of the. output 
pulse is due to the action of the 
artificial transmission line, 
which controls the time that the 
driver tube. remains in a state 
of conduction. 


CONFIDENTIAL 
SURGE GENERATORS 


38. In the driver-modula- 
tor systems discussed thus far 
the modulating pulse is created 
at a low-voltage, low-power level 
and then amplified until it is 
sufficiently powerful to be ap- 
plied to the plate circuit of 
the Tx tube. The artificial line 
used was the standard type which 
does not develop as perfect a 
rectangular wave as compared with 
the larger heavier and more ex- 
pensive Guillemin line. This was 
no particular disadvantage, be- 
cause the driver and modulator 
following the line were operated 
in such a non-linear manner as to 
correct for any outstanding de- 
ficiencies in the pulse shape. 
This is particularly true in the 
bootstrap circuit, in which both 
the second driver tube and the 
modulator are driven to satura- 
tion. This would tend to pro- 
duce a modulating pulse with the 
desired flat top by plate linmit- 
ing, even though the pulse form- 
ing line were deficient in that 
respect. There are other sys- 
tems for creating the modulating 
pulse initially at high power 
levels for direct application to 
the Tx tube. These have the out- 
standing advantage of eliminating 
the modulator tubes with their 
heavy current drain. Once the 
pulse is generated, however, there 
ig little or nothing that can be 
done to improve its shape. For 
this reason the ordinary type of 
line is replaced by a Guillemin 
line which provides a more rec- 
tangular pulse. 


- 39. Figure 9 illustrates one 
form of surge generator. The con- 
densers are charged in parallel 
through the various inductances 
from the high potential source, 
E,. As the potential on the con- 
densers rises to a sufficiently 
high value, the spark gaps break 
down and form a comparatively low 
resistance discharge path for the 


condensers (now Peet in 
. The 


series instead of parallel 


chokes because of their react- 
ance may for the moment be con- 
sidered as open circuits. 


line 
Px. 
Tube 






iti {afi fa 


Fig. 11-9: Surge Generator. 


This means that the potential 
applied to the Guillemin line 
and Tx tube 1s approximately 
four times the potential on any 
One condenser, assuming that 
all condensers are of the same 
Capacity. The artificial line, 
charging at a constant rate 
through the Tx tube, causes the 
latter to oscillate. As soon 
as the line becomes charged to 
the potential supplied by the 
condensers in series, it is 
effectively an open circuit, 
This extinguishes the spark 
gaps, abruptly terminating the 
power supplied to the Tx tube, 
and consequently its oscilla- 
tion. The condensers again 
charge up in parallel through 
the inductances replacing the 
amount of charge lost. The 
voltage on the condensers builds 
up until the spark gaps break 
down, discharging the conden- 
sers in series and starting an- 
other cycle of operation. 


_ 40. The above system ob- 
viously is not synchronised by 
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any external circuit. Its re- 
petition rate or pulse recurrence 
frequency is a function of its 
own natural breakdown rate.: This 
may be altered by changing the 
size of the condensers or the 
chokes. Synchronization of sys- 
tems such as this may be effect- 
ed by employing a rotery. spark 
g@p. This gap would replece the 
fixed gap A. A-rotating gap con- 
sists of one or more fixed elec- 
trodes and one or more rotating 
electrodes. Breakdown occurs 
when a rotating elecbrode moves 
sufficiently close to a fixed 

ek ctrode to cause breakdown of 
the air gap. The sperk repeti- 
tion rate is proportional to the 
number of revolutions per second, 
once the number of fixed elec- 
trodes and the number of moving 
electrodes is established. The 
repetition rate can rost readily 
be controlled by varying the speed 
with which the moving electrodes 
are rotated. 


41. A more accurate method 
of timing the breakdown of the 
spark gaps would employ a thyra- 
tron instead of gap A. The par- 
tial discharge of the condensers 
would then be initiated by a trig- 
ger pulse from some repetition 
rate control to the grid of the 
thyratron. Because of the high 
potentials employed it would prob- 
ably be necessary to employ more 
than one thyretron in series to 
divide the voltage. _ 


MEGAWATT PULSE MODULATION 


42. The maximum range of 
Redar Equipment increases only as 
the fourth root of the power, 
This would seem to indicate that 
high power is not worth the ex-. 
pense and added weight of the 
equipment. However, the signal- 
to-noise ratio at a given range 
Is multiplied by the square root 


of the power ratio. This makes 
for clearer signals and many re- 
flections. that would ordinarily 
be lost in the "grass". would be- 
come usable with a substantial in- 
crease in power. Thus, high power 
seems to be warranted in some cases 
since it does increase the per- 
formance within the range already 
obtainable. To obtein the 
enormous pulse power of over a 
million watts there are two sys- 
tems available. The first 
employes an srrangement of hard 
vacuum tubes, one type resembling 
two bootstrap circuits in 
cascade. The seoond is a high- 
powered version of the spark gap 
or arc, similar to Figure 9. A 
spark gap can withstand many 
thousands of volts before break- 
ing down and cen carry many 


‘amperes when conducting. 


PULSE TRANSFORMER 


45. One device which has 
contributed greatly to the flexe 
ibility and efficiency of Radar 
installations is the pulse 
transformer. This is a special 
transformer designed to pass 


narrow rectangulsr pulses with 


® minimum of distortion, It 


is possible to use it as a po- 


larity inverter whenever re- 
quired or to transform pulses 
from one impedance level to 
another. The Tx tube may be 
located some distance from the 
modulator by using a coaxial 
cable to transfer low voltage, 
high current pulses from tke 
modulator to the vicinity of 
the Tx tube. A pulse trans- 
former between the termination 
of the line and the Tx tube 
steps up the vo_tage to work 
into the high impedance of the 
tube. Thus greater flexibility 
in the location of modulator 
end Tx is attainable; anc 
important. item in airborne gear. 
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CHAPTH#R XII 


Limiter Circuits 


_il. A limiter circuit is one 
which limits or clips either or 
both the positive or negative 
portion of a waveform at a pre- 
determined level. 


2. Uses: Limiters are 
useful in wave shaping circuits 
where it is desirable to square 
off the top and or bottom of a 
pulse, in frequency modulation 
receivers where it is necessary 
to limit the amplitude of the 
Signal applied to the detection 
system to a constant value, and 
in any circuit in whidh the pro- 
duction of pulses of even ampli- 
tude is required. 


DIODE LIMITER 


3. Consider the character- 
istics of a simple diode tube. 
If the plate is held at some po- 
tential which is positive with 
respect to its cathode, the diode 
will conduct. If this positive 
potential is increased, conduc- 
tion through the tube will be 
increased. Remember that while 
the tube is conducting it acts 
like a very low resistance. If 
the conduction increases, this 
resistance will fall still lower. 
It may be said that while it is 
conducting, the diode presents a 
short circuit to the generator. 
On the other hand, if the plate 
is driven negative with respect 
to the cathode, the diode wil 
not conduct and its resistance 
become infinitely large. In 
this case the diode acts as an 
open circuit. 


4. Consider the results 
of applying a positive potential 
to the circuit in Figure 1. The 
diode will conduct, causing a 


current to flow through it and 
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through the resistor in the plate 
circuit. Since the resistance 

of the series resistor is large 
compared to the resistance of the 
diode, practically all of the 
positive voltage will appear as 
an IR drop across the plate re- 
sistor. This IR drop will sub- 
tract from the applied potential 
and the output will therefore be 
practically zero. If, on the 
other hand, a negative potential 
is applied to the diteuitsnthere 
will be no current flow through 
the diode and consequently no 

IR drop will appear across the 
resistor. In this instance the 
output will be the same as the 
input. 


+ 


Output 


Fig. 12-1: <A Diode Circuit 
Which Limits thé Positive 
Voltage Swing. | : 


5. With the foregoing dis 
cussion in mind, consider what 
will happen to a sine wave of 
voltage applied to the circuit 
of Figure 1. During the positive 
portion of the cycle the diode 
conducts and the output is only 
very slightly positive. See 
Figure 2. (Remember that while 
the diode is conducting its re- 
sistance is very small, but not 
zero. This will account for the 
Slightly positive portion of the 
output waveform as shown in | 
Figure 2) During the negative 
alternation of the cycle the 
diode will not -conduct and the 


waveform will not be altered. 











The circuit in Figure l, there- 7. So far limiting of either 


fore, will limit the positive positive or negative portions 
portion of any waveform that of waveforms has occured essen- 
might be applied to it. tially at the sero reference point. 


Consider the operation of the 
circuit if a battery is added to 
the limiter as shown in Figure 5. 








! 
i 
‘Input Ov. |! 
: + R 
! Out put 
| 
Output Ov. 3 a E. = £0 
Se eerrses abretyee-on 
Fig. 12-2: Limiting of the Fig. 12-5: A Biased Diode Limit- 
Positive Voltege Swing. ing the Positive Voltage Swing. 
6. Wow consider what will The diode plate now has to go 
happen if the plate and cathode positive by an amount determined 
connections in the circuit of by the potential of the battery 
Figure 1 are interchanged. This before the tube will begin cone 
condition is shown in Figure 5. ducting, in this case 40 volts. 
Therefore the output voltage 
rises to plus 40 volts on the 
+ R positive swing of the input volte 
Input Output age. The diode starts to con- 
duct at this point, producing an 
eq IR drop across the series resist- 
er which "limits" or prevents any 
Fig.12-33; <A Diode Circuit further rise of the output volt- 
Which Limits the Negative Vol- age. The effect on a sine wave 
tage Swing. input is shown in Figure 6. 


In this case as the applied wave- 

form goes positive it will not 

be altered, but as it goes nega- 

tive it is limited to a point 

just below zero. This circuit is 

then said to have limited the Input Ov. 
negative portion of the waveform. 

See Figure 4. 





Input Ov. ! 
! Output Ov. 
Output Ov. |! 
ee ak Figure 12-6; The Limiting Effeot 
Fig.12-4; Limiting of the of a Diode Limiter with a 40 
Negative Voltage Swing. volt Bias. 


@o]23— 


585555 O- 44-9 








CONFIDENTIAL 


By @ similar circuit arrangement 
the negative portions of the 
waveform can be limited at some 
negative potential, as shown in 
Figure 7 and Figure 8. 


Out put 
En = 40Ve. 
. “+ 
Fig. 12-7: A Biased Diode Lim- 
iting the Negative Voltege Swing, 


8. Applications of Diode 
Limiters:; anocas that it is 
necessary to limit a series of 
positive pulses, that range in 
amplitude from 90 to 100 volts, 
to some lower potential. As an 
example, assume this lower po- 
tential to be 4Ovolts. If the 
waveform is applied to the cir- 
cuit in Figure 5, and the value 
of Ep is made 40 volts, then the 
output will be a series of posi- 
tive pulses, each of which rises 
to 40 volts in amplitude. No- 
tice that although the input pul- 
ses may have varied in héight, 
they now have been limited to the 
same amplitude. 


Input 


Out put 





Fig.12-8: The tasitbing Effect 
of a Diode Limiter with e -40volt 
bias. 


9. As a second application 
of the diode limiter, consider 
the sine wave shown in Figure 9. 


Ov. 


Fig.12-9: Sine Wave Applied 
to Double Diode Limiter. 


Note that as this waveform 
passes through zero it is fairly 
linear and it is almost vertical. 
If this waveform is applied to 
the circuit in Figure 10 the 
resulting output will be a fair- 
ly good square wave, 





Fig.e12-10: Double Diode Limiter 
for Limiting both Positive and 
Negative Voltage Swings. 


The positive portions of the 
waveform will be limited by V) 
at a point determined by 

and the negative portions will: 
be limited by Vo at a point de- 
termined by -E,. If the sine 
wave input is large in amplitude 
and the values of and -E, 
ere comparatively small, the 
sides of the resultant wave will 
be slmost vertical, ss shown in 
Figure 11. 





Fig.l12-1l: Sine Wave "Squared" 
by Double Diode Limiter. 
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TRIODE LIMITER : 


. lO. In the circuit shown 
in Figure 12, as ‘long as the gttd 
is negative with respect to the 
cathode, the grid to cathode re- 
sistance is infinitely large. 

If on the other hand, the grid 
goes positive there will be a 
current flow from cathode to grid 
and through R, in the direction 
indicated. | 





Fig. 12-12: Triode Limiter 


The grid to cathode resistance 
has now become very small and 

as the potential on the grid is 
increased this resistance is de- 
creased. Since the current flow 
through R, produces a voltage 
drop that subtracts from the in- 
put voltage, the grid will remain 
constant at approximately zero 
potential. Figure 13 shows the 
waveform appearing on the grid 
when a sine wave of voltage is | 
applied across the input terminals. 





Fig. 12-13: The Positive Swing 
of the Input Voltage is Limited 
in the Grid Circuit. 


11. This portion of the 
triode circuit can be Oompared to 
the diode limiter shown in Figure 
‘1, since the action in the grid 
circuit is exactly the same, 


ice 


Analyzing the circuit shown in 
ory aa 12 a step further, con- 
sider the eg, i 


curve of Figure 


p 










= an ew =z = a 
= 


Ov. 
Fig. 12-14: The e_/i 
istics of a Triodes 


Character- 


p 


The negative portion of the grid 
waveform will produce a corres-. 
ponding decrease in plate current 
until cutoff is reached. Since 
at cutoff, plate current has 
ceased to flow, any further swing 


of the grid in a negative direc- 


tion will have no further effect 
upon the plate current waveform. 
Actually the negative portion of 
the plate current waveform has 
been squared due to the fact that 
the grid was driven beyond cutoff. 
The square wave of plate current, 
thus obtained, will produce a 
corresponding square wave of 
voltage across the output of the 
circuit. Remember, however, that 
the output voltage waveform will 
be inverted with respect to the 
plate current waveforn. 





a 
Fig. 12-15: Sine Wave Voltage 
"Squared" by Grid & Plate Limiting. 
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12. By limiting action in 
the grid circuit and by limiting 
action due to plate current cut- 
off, a square wave has been ob- 
tained from a sine wave input. 
However, this square wave is not 
perfect. In the first place, the 
sides of the sine wave are not 
absolutely vertical. Abso, there 
is some small amount of rounding 
of the negative portion of the 
waveform, point "a" Figure 15. 
This is due to the fact that 
there is a small amount of volt- 
age division between the grid to 
cathode resistance and the re- 
sistance of Ry (Figure 12). The 
positive portion fs somewhat 
rounded due to- the small curva- 
ture of the e,/i curve around 
the cutoff refion, point .“b" 
Figure 15. It may-be necessary 
to sharpen this waveform further. 


13. If this somewhat in- 
perfect square wave is applied to 
the circuit of Figure 16 consider 
what will occur. The first posi- 
tive portion will drive the grid 
positive with respect to the 
cathode. Immediately the grid 
will draw current and condenser 
C will be charged through the 
tube. The charge on C will be 
equal to the amplitude of the in- 
put signal. 


o By 





Fig. 12-16: amplifier Stage 
Following A Limiter Circuit. 


The grid has returned to zero 
‘potential. -As the positive 
portion of the square wave is 
removed the grid is driven nega- 
tive by an amount equal to the 
charge on the condenser- The 


condenser will now try to dis- 
charge through the resistor R. 
This resistance-capacity com- 
bination forms a long RC circuit 
however, and the amount of dis- 
charge will be very small. As 
the waveform swings positive 
again the grid will be driven 
back up to zero. Any amount of 
charge that leaked off the con- 
denser will be repdaced while the 
waveform is positive. If the 
grid goes positive by any amount 
the condenser will recharge | 
through the low grid to cathode 
resistance of the tube. 


14, The gria waveform is 
snown Yh Figure 17. _ 


First 


Cycle Grig Current 





Fig..12-17: Waveform at the 
Grid of the Grid and Plate 
Limiter in.Pigure 16. 


Note that after the first posi- 
tive swing of the input waveform 
the grid never goes positive but 
by a very small amount. Thus the 
grid waveform has been "clamped" 
so that essentially all of it 
appears below the zero reference 
line. Observe the cutoff point 
of the tube in Figure 17. Again 
the waveform will be limited by 
plate current cutoff. 


15. The output of this 
stage will be a comparatively 
good square wave. The sides have 
become practically vertical due 
to amplifying and limiting. The 
positive and negative portions 
have been squared due to grid 
limiting and to plate current 
cutoff limiting. The plate volt- 
age will vary between E, and the 


value of ey when Og is zero. 
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CHAPTER XIIT 
Clamping Circuits 


2. A clamping circuit is 
one which takes a waveform at 
either amplitude extreme and 
transfers it to a given reference 
level of potential. The circuits 
may be divided roughly into two 
classifications. The first, di- 
ode and grid clamping, clamps ei- 
ther amplitude extreme and allows 
the waveform to extend in only 
one direction from the reference 
potential. The second, synchron- 
ized clamping, maintains the out- 
put potential at a fixed level 
until, a synchronizing pulse is 
applied at which time the out- 
put potential is allowed to 
follow the input. At the end of 
the synchronizing pulse the out-. 
put voltage is returned immedi- 
ately to the reference level. 


2. Necessity for Clamping: 
In order to see why clamping Ctr 
cuits are necessary it is desir- 
able to review briefly the dction 
of coupling networks. In coup- 
ling from one stage to afother in 
radio and radar work, it is al- 
most always essential that a 
coupling condenser be used to 
keep the high positive D.C. 
plate potential of the first tube 
isolated from the grid of the 
second tube. Only the varyi 
component of the plate potential 
is to be transmitted to the grid 
as a voltage varying above and 
below some fixed reference level. 
See paragraphs 22 to 29, Chapter 
III. If the low end of the grid 
Resistor is grounded, the grid 
voltage (with respect to ground) 
will vary about zero. If a bias- 
ing potential is employed, signal 
applied to the grid will vary 
above and below this D.C. biasing 
voltage. 


3. In class A operation this. 


latter condition is desirable. 
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The biasing potential is 
adjusted to the center of the 
Class A "range", and the vary- 
ing potential is kept within the 
limits of this range. The center 
of the grid swing is fixed, and 
variations in the amplitude of 
grid swing directly affect the 
amplitude of plate swing, which 
is exactly what is desired for 
class ‘A* operation. See Fig- 
ure 1 (A). 


4. In some other cir- 
cuits, however, it is necessary 
that the waveform swing entirely 
above or entirely below the ref- 
erence line, rather than alter- 
nate about it. See Figure 1 (B 
and C). For these applications 
&@ clamping circuit is used to 
clamp either the positive or the 
negative extreme of the wave- 
form to the desired level, 





(A) Reference 
Voltage 


Grid Voltage Varia- 


Fig. 
tion With Respect to A Definite 
Reference Voltage. 
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5. The output of an ordin- 
ary RC coupling circuit is alter- 
nating in character because the 
average voltage level of the ap- 
plied waveform is zero. Fora 
full discussion of this action re- 
fer to Chapter III on RC circuits. 


After the coupling condenser has 
charged to the aversge spplied 
voltage sny decrease in applied 
voltage will cause the output 
voltage of the RC network to 
swing negative. Any increase 
above the average will cause the 
output voltage to swing positive. 


6. Now, if the condenser 
could be made to charge, say, to 
the minimum applied voltage and 
no more, sny swing would have to 
be in a positive direction, snd 
the output voltage would vary — 
between zero and some positive 
walue. On the other hand, if 
the condenser could be made to 
charge to the maximum applied 
voltage and rema charged to 
this level, any swing would nec- 
essarily be in the negative dir- 
ection, and the output voltage would 
vary between zero and some negstive 
value. In the first case the bot- 
tom of the output weveform is 
Clamped to zero; in the second, the 
top of the waveform is clamped to 
ZOTO> 


DIODE CLAMPING 





7. Consider the case where 
the condenser voltage is main- 
tained at the minimum spplied vol- 
tage. The simplest means of accon- 
plis this is illustrated in 
Figure 2. 





Pig. 13-2: Diode Clamping Circuit 
with Plate Grounded. 


It will be noted that the only 
thing added to the ordinary RC 
coupling circuit is s diode. In 
order to understand the action 
°f this circuit it is necesssry 
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to remember one thing: If the 
cathode of a diode is made neg- 
ative with respect to the plate 
(Plate positive to cathode), 
current will flow from cathode 
to plate, and tha tube will con- 
stitute s low resistance; where- 
as if the cethode is mede posi- 
tive with respect to the plate 
(plate negative to cethode), no 
current will flow and the tube 
may be considered an open cir- 
cult. 


8. Assume that the input 
to the circuit of Figure 2 is ob- 
tained from the plate circuit of 
a tube which is generating a 
square wave. The wevefofmu at 
the clemping circuit might be 
as shown in Figure 5. 
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Typical Plate Voltage 
Applied to Clamping Circuit. 


Referring back to Figure 2, scon- 
denser 'C' will charge gredually 
through the high resistance ‘'R'‘, 
After a period, depending on the 
time constent of the RC circuit, 
the charge on the condenser will 
reach fifty volts, the base of 
the input waveform. The problem 
is to maintain the voltage at 
this level in spite of the ten- 
dency of the condenser to charge 
to a higher level when the ap- 
plied voltage is at +150. 


9. Assume that the volt- 
age has been applied for some 
period of time previous to point 
"A’ of Pigure 5, and that the con- 
Genser charge has resched fifty 
volts. During the time between 


‘At and 'B' the charge on the 
condenser will be equal to the 
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applied voltage, and no current 
will flow. Then, at point 'B', 
the applied potential suddenly 
rises to 150 volts. Since it 
is impossible to change instan- 
taneously the potential differ- 
ence across a condenser, and 
since no time elapses between 
points ‘'B' and 'C', the conden- 
ser voltage must still be fifty 
volts. The difference between 
the +150 volts applied and the 
condenser charge of #50 volts 
must appear across 'R'. This 
difference of 100 volts becomes 
the output voltage. 


10. The fact that a voltage 
appears across 'R' indicates 
that there is current. flowing 
through it. This current adds 
to the quantity of electricity 
stored in 'C' increasing its 
charge. Ordinarily the time 
constant of RC would be very 
long and the added charge would 
be extremely small. For simp- 
licity, assume that the 150 
volt potential is applied for a 
time equal to one-tenth RC 
(point 'C' to point 'D'). Re- 
member that the cathode of the 
diode is positive with respect 
to its plate, so the diode acts 
as an open circuit, and 'R' is 
a high resistance. At a time 
é6qual to one-tenth RC the con- 
denser voltage will have in- 
creased ten per cent of one 
hundred volts, or ten volts, 
making the total charge sixty 
volts. At the same time (point 
tp’) the resistor voltage will 
decrease ten volts (to ninety 
volte), leaving the sum of e 
and @, still equal to the app- 
lied potential, 150 volts. 


ll. Mow, at point 'D' the 
applied voltage suddenly drops 
back to fifty volts. But the 
condenser is charged to sixty 
volts. This would leave an out- 
put voltage (the voltage across 
'R') of ten volts, negative with 
respect to ground. This is the 
condition we wish to avoid. In 





order to return to the zero refer- 
ence, the condenser must discharge 
the extra ten volts very rapidly. 
This means that there must be pro- 
vided a very short RC discharge path. 


12. In Figure 2, it is seen that 
the cathode of the diode is connected 
to the upper end of 'R', and that the 
plate is grounded. Any output volt- 
age which is negative with respect to 
ground will, obviously make the cath- 
ode of the diode negative with respect 
to ite plate. In this condition the 
diode conducts, and becomes, in effect, 
a very low resistance. Current flow- 
ing through the diode will very rapidly 
discharge the condenser until its 
charge is again equal to the applied 
voltage (50 volts), and the output volt- 
age returns to zero. Figure 4 illus- 
trates the conditions. 


+150v. 





Applied 
Voltage 


+50v. 


+60v. 
e 

+50v. 

+100Vv. 


°R 
(Output) 


Ov. 
-10v. 


Discharges 


Fig. 13-4: Cg and @. Waveforms of 
the Diode Clamping circuit, with 
Grounded Plate, for an Input Volt- 
age as Shown. 





13. As a matter of inter- 
est, assume that the waveform of 


~129- | 


Figure 5, is applied to the 
Clamping circuit of Figure e. 
At point 'A' the input voltage 
is zero. The condenser charge 
at this instant (beginning of 
operation) is also at zero, 80 
the output voltage is zero. 

At point 'B' the input and out- 
put voltage will still be zero 
--nothing has changed. Then 
the input voltage drops sudden- 
ly to -100 volts at point 'C'. 
Since the condenser cannot be 
charged instantaneously no 
matter how short the RC, the 
output voltage (voltage across 
'R') must aleo drop suddenly to 
100 volts. 


Ov. 





Voltage Applied to 
the Diode Clamping Circuit with 
Grounded Plate. 


Fig. 13-5: 


14, With the cathode of the 
diode now 100 volts negative 
with respect to its plate, a 
very high current will flow from 
cathode to plate. This current 
will charge the condenser very 
rapidly until the condenser 
voltage becomes equal to the 
applied voltage, at which time 
the output voltage will again 
be zero. So long as the input 
voltage remains at -100 volts 
(point 'C' to point 'D') the 
output voltage (after the con- 
denser has become charged) will 
remain at zero. 


15. At point 'D' the input 
voltage rises back to gero, an 
increase of one hundred volts 
(-100 to 0) at the input. This 
means a rise of one hundred volts 
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(O to 100) across R (see point 
"D-E®" of Figure 6), since the 
condenser cannot change its 
charge instantaneously. The- 
condenser must now discharge 
very slowly since the diode is 
cutoff when its cathode ig pos- 
itive with respect to its plate, 
and the high resistance path 
through R must be utilized, 


16. Assuming a time for 
discharge (point 'E' to point 
'F') of one-tenth RC, the con- 
denser can discharge only one- 
tenth of its stored energy, 80 
at point 'F' the condenser 
voltage (and thus the output 
voltage, since the input is now 
zero) has decreased to ninety 
volts. Now the input voltage 
again drops ('F' to 'G') to 
-100 volts. Instantaneously 
the output voltage will be -10 
volts (input minus condenser 
voltage). Again the diode will 
conduct quickly returning the 
charge on the condenser to one 
hundred volts and the output to 
zero. The result is shown in 
Figure 6. Observe that no por- 
tion of the waveform is lost 
after the first cycle. The 
function of the clamping circuit 
has been merely to shift the 
reference voltage from the top 
of the waveform to the bottom. 
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Fig. 13-6: Output Waveform (e,) 
of a Diode Clamping Circuit with 
Grounded Plate for an Input Volt- 
age as shown in Figure 5. 

17. Figure 7 illustrates a 
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Fig. 13-7: 
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diode clamping circuit which will 
cause the output wayeform to vary 
between some negative value and 
the zero reference voltae. The 
only difference between this cir- 
cuit and the eircuit of Figure 2 
is thet the diode connections sre 
reversed. For this clemping cir- 
cuit the plate of the diode is 
connected to the output terminal, 
while the cathode is «rounded, 
This arrangement will give an ' 
output voltage varying between 
zero and some negative value. 





Diode Clamping Cir- 
cuit With Cathode Grounded. 


18. Assume that the same 
wave form shown in Figure 5 is 
applied to this clamping circuit. 
When the input voltage-is applied, 
at point 'A' the plate of the 
Giode clamping tube’ will be made 
positive. A heayy current will 
flow through the diode, charging 
condenser 'C! very rapidly to the 
applied voltare (50v). When this 
occurs, the output volteve will 
drop back to zero. Then st point 
'B' the input voltage suddenly 
rises 100 volts. Since the cone 
denser voltare cannot change in- 
stentaneously, +he output volte 
age must also rise 100 volts. 
However, with the diode plate 
highly positive the condenser 
can charge very rapidly, again 
returning the output.voltage to 
ZOTO. 


19. At point 'D' the input 
voltage suddenly drops 100 volts. 
Condenser 'C' is charged now to 
150 volts. It cannot chenge its 
charge instentaneously so the out-= 
put must also drop 100 volts, 
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The input voltage dropped from 
+150 volts to #50 volts; the 
output volterse must drop from 
zero to -100 volts. Now, dur- 
ing the time from point 'E' to 
point 'F' the condenser can be 
expected to discherge a little 
through resistor 'R'. At point 
'G' this slight loss in cherge 
will be replenished as the dio- 
de plate. ..oes positive monen- 
tarily. The output is chown 

in Figure 8, 
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-100v. E 
Fig. 13-8: Output waveform 
(en) of Diode Clamping Circuit 
With “rounded Cathode tor an 
Input Voltave As Shown in Fig- 
ure 35. 


GRID CLAMPING 


20. Clamping is not con- 
fined to the use o: a diode tuce. 
The action mey be present at the 
grid of an ordinsry triode or 
penteoue. Any element of & vacu- 
um tube, if msde positive with 
respect to the cathode, will 
draw electrons trom the cavhode. 





Urid Clan ping Cir- 


Fig. 15-93 
cuit. 


On the other hand, any element, 





if made negative with respect to 
the cathode, will repel elec- 
trons, and no current will flow 
to that element. Thus the grid 
of a tube, connected as shown 

fn Figure 9, will act as a dio- 
de plate and give the same clamp- 
ing action as the circuit of Fig- 
ure 6. Any tendency for the grid 
to go positive will cause grid 
current to flow, charging the 
coupling condenser to the app- 
lied potential. 


CLAMPING ABOVE OR BELOW GROUND 


21. So far, the circuits 
shown have served the purpose of 
Clamping one extreme of the out- 
put waveform to zero, or ground, 
potential. Actual circuits need 
not be limited to this one refer- 
ence potential. Figure 10 shows 
how the upper extreme of a wave- 
form may be clamped to a poten- 
tial ten volts negative with re- 
spect to ground. Exactly the 
same principle may be used to 
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Output (after first cycle) 


Fig. 13-10: “Clamping Circuit 
Which Establishes a minus 10 
Volt Reference Potential. 


Clamp either extreme to any 
reference potential. 


22. Amore versatile 
Clamping circuit is shown in 
Figure ll. 





Fig. 13-11: A Circuit Employ- 
ing Synchronized Clamping. 


This arrangement keeps the bias 
on V3 constant except for the 
time” during which the clamping 
tubes, V, and Vo, are main- 
tained beyond cut-off by a synche 
ronizing pulse. First, consid- 
er the action of the circuit 
during the time tubes V, and V 
may be considered together as 
voltage divider to place a de- 
finite voltage on the grid of 
v3 Actually, the action is 
slightly more complicated, and 
much more accurate than the 
Simple voltage divider explana- 
tion would imply. 


23. <An examination of Fig- 
ure 11 will show that while V 
is operating at zero bias (arta 
to cathode) and may therefore 
be considered as a simple resis- 
tor, V, is actually biased by 
the arbdp across Vo. (The cath- 
ode of V7 is connected direct- 
ly to the plate of V., while 
the grid of V, is cofinected to 
the grid of vi which in turn, 
is effectivelyY connected to the 
cathode of V> so long as no syn- 
chronizing potential is applied). 
Now consider how this. connection 
serves to maintain a constant 
potential at the grid of V3 
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24. Assume that for some 
reason (perhaps a charge on C}) 
the potential at Vz tried to 
rise. Neglecting the fixed bias, 
since it will not change, the 


voltage at the grid of Vz and 
the voltage across Vo aré iden- 
tical. Thus a rise in V- grid 


voltage will also be a rf&ee in 
Vo plate voltage means an in- 
crease in the bias of Vj, which 
will decrease its plete current 
and bring the voltage at the 
plate of Vo back to normal. 


25. In like manner, a ae- 
crease in the voltage at the 
grid of V3.will mean a decrease 
in bias of Vy, which will in- 
creese the current through V;, 


and thus bring the voltage a 


Vz beck to normal. So long as 
tibes Vz and Vo conduct, the 
voltage at the grid of Vz (and 
thus the plate current of V3) 
is held constant, 


26. The synchronizing 
pulse is applied as a negative 
equare wave which drives V1 and 
ve beyond cut-off for the desir- 
ed length of time. With tubes 
V, and Vo cut-off, the grid of 
ve ise left absolutely free to 
féllow any changes in the input 
voltage. Condenser 'C* will 
have no psth through which to 
charge or discharge - except for 
the extremely high resistance of 
the insulating materiel used for 
tube bases and sockets--so the 
voltage at the grid of V3 must 
follow the input voltage’exactly. 
At the end of the synchronizing 
pulse tubes Vy and Vo will again 
conduct, returning the woltage 
at the grid of V3 quickly to re- 
ference level. 


GENERAL APPLICATION OF CLAMPING 
anne — 


27. So far in this chapter, 
only the actual operating prin- 
ciples of various types of clamp- 
ing circuits heve been discussed, 
It: would be well at this point to 
review their practical applica- 
tions. 


28. In practice, clamping 
is usually encountered in sweep 
circuits. The necessity for a 
Clamping cirmit can be seen 
immediately by referring to an 
indicator using a type ‘A or 
a type ‘4! scan, If the sweep 
voltages do not. always start 
from the same value of voltage, 
it is obvious that the trace 
itself will not begin at the 
game point on the screen each 


time, thereby resulting.in a 


trace which is 'jittery' or. 
erratic. If a clamping circuit 
is placed between the final. 
sweep amplifier and the defles— 
tion plate the voltage fron 
which the sweep signal will 
start canke fixed by adjusting 
the DC voltage applied to the 
Clamping circuit. An arrange— 
ment, such as that shown in Fig- 
ure 10, will assure, in the case 
of a negative-going sweep volt-— 
age, that the waveform applied 
to the deflection plate will 
vary in a negative direction 
from the D€ voltage level app— 
lied to the cathode of the di- 
Ode. 


29. A magnetically deflec- 
ted cathode ray tube offers an- 
other instance of sweep clamp- 
ing in the usé of a diode in the 
grid circuit of the final sweep 
amplifier. Such a circuit is 
shown in Figure i2. This arrang- 
ement assures: that the negative | 
extreme of the sweep waveform 
will always be clamped at the 
DC level of -60 volte. This 
means that the static current, 
which at the beginning of the. 
sweep, will be flowing in the 
final sweep amplifier tube and 
in the ®flection coil, will 
always be the same value - 

Since the biasing voltage on the 
grid at that time is always. the 
same value. Therefore, the. beam 
will always start. its trace from 
the game spot on the screen be-~ 
cause the static current ‘in the 
coil at the beginning of the 
trace determines the position 

of that spot. This clamping 
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circuit, when applied to a type 
'Pp® scan sweep circuit, is often 
called a "centering diode®, 





Fig.13-12: Clamping Diode En- 
ployed in An Electromagnetic 
Sweep System. 


30. It is necessary ina 
type 'L* scan to produce ampli- 
tude modulation of the sweep or 
trace so that, for a short period 


of time, signals cause deflection 
on one side of the trace and then 
similarly other signals cause de- 
flection on the opposite side of 
the trace. (See definition of 
type 'L* scan in Appendix A). If 
these signals are applied to the 
deflecting plates of a cathode 
ray tube without going through a 
clamping arrangement of some type, 
they will merely vary about the 
trace instead of appearing as de- 
flections entirely on one side or 
the other. If the signals are 
applied to a clamping circuit, 
they are clamped to a DC level; 
they become voltage variations 
above a fixed voltage or below a 
fixed voltage, as the case may be. 
This assures that the signals, 
when applied to the deflection 
plates, will always cause de- 
flection in one direction only, 
with respect to the trace. By 
making variable the voltages 

to which the amplitude extremes 

of the signals are clamped, it 

is possible in conjunction with 
the control obtained when sweep 
clamping circuits are also used 

to move the trace to the part of the 
tube screen best suited for viewing. 
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CHAPTER XI 


V 


Electrostatic Sweep Generation 


1. The use of a Radar in- 
Gicator as a time measuring de- 
vice requires that a sweep gener- 
ating circuit be employed. The 
latter applies voltage or 
current to the deflection ele 
ments of the cathode ray tube in 
such a manner as to make the rate 
of deflection of the electron. 
beam a known function of time. 
Against this time base other per- 
iodically occurring electrical 
phenomena may be plotted and 
measured. Before proceeding fur. 
ther the properties of the cath- 
ode ray tube will be discussed 
briefly. 


2. The Electron in an Elec- 
trostatic Field: electron 
(being a negative charged part- 
icle) will, upon subjection to an 
electrostatic field, be either 
attracted or repelled, depending 
upon the polarity of thd field. 
In other words, if the electron 
enters a field which is negative, 
it will be repelled (since like 
charges repel each other) but, if 
the electron enters a positive 
field, it will be attracted. 

When an electron is traveling at 
considerable velocity and it en- 
counters an electrostatic field 
whose lines of force are not para- 
llel to its line of motion, the 
electron will alter its forward 
motion in an attemptto move para- 
llel to the electrostatic lines 
of force. The operation of an 
electrostatic cathode ray tube 
depends upon these principles. 


3e The Electron Gun: 
Electron besms are formed in a 
structure known as an “electron 
gun". The latter is devised so 
as to form a beam and to focus it 
on the screen of a cathode ray 
tube. The gun in an electrostatic 
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type tube will be discussed in 
this chapter. 


4. <A typical example of an 
electrostatic gun is shown in 
Figure l. 


[aoc ecco cor sess 





Fig. 14-1: An Electron Gun. 

At the extreme left in the dia- 
gram is the cathode, consisting 
of a capped nickel sleeve. With- 
in this sleeve is the heater used 
to bring the cathode surface up 
to operating temperature. The 
cathode cap is covered with bar- 
ium and strontium oxides, a mix- 
ture which is cepable of emitting 
electrons when heated. 


5. Next to the cathode is 
the control grid, made up of a 
capped nickel sleeve. This cap 
contains a small aperture, through 
which must pass any electrons 
that travel through the grid. 
Such electrons are necessarily 
confined to a narrow cone. 


6. To the right of the con- 
trol grid and insulated from it 
is a cylindrical sleeve contain- 
ing several apertures placed at 
intervals on the axis of the sys- 
tem. These apertures serve to 
confine’ the beam further. The 
first anode is maintained at a 


_ povential which is positive with 
respect to the cathode and there- 
by attracts electrons from the 
cathode through the several aper- 
tures. 


¢- Beyond the first anode 
4s the second anode, which may 
be simply a conducting coating 
4neide the glass envelope sur- 
rounding the gun. The second 
anode has a larger diameter than 
the first and is placed so that 
its edge just overlaps it. The 
second anode is maintained at a 
considerably higher positive 
potential, with respect to the 
cathode, than is the first. 


&. The vatnods Ray Tube: 
When such an electron gun is 
placed in a tube that has a 
flourescent screen, the unit be- 
comes a cathode ray tube, and as 
such can be used to observe 
visually the periodic variations 
of voltages occurring in elec- 
trical cirouite. However, before 
the electron gun will cause a 
narrow beam of electrons to be 
"shot" at the screen, the correct 
voltages must be placed on the 
various parts of the gun. By 
varying the voltage on the grid 
of the gun, the intensity of the 
beam (or brilliance) can be con- 
trolled. By varying the poten- 
tial on the first anode the bean 
can be focused into a very narrow 
pencil that will appear on the 
screen as a small, well defined 
spot. 


9. Brilliance Control: 
The brightness o e spot which 
appears on the cathode ray tube 
screen is a function of the 
number of electrons making up 
the beam. Consequently, it 
should be possible to control the 
brightness of the image simply by 
regulating the number of electrons 
that are allowed to get mat the 
grid. By keeping the grid poten- 
tial negative with respect to the 
cathode, and making it variable, 
the number of electrons which pass 
through the grid and eventually 
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hit the screen can be controll- 


10. Electrostatic Focusing: 
An electron lens can be formed 


by means of two metal cylinders 
connected to a source so that 
the second is at a potential 
which is positive with respect 
to the first. When a parallel 
bundle of electrons, traveling 
at a constant velocity, as in 
Figure 2, enters the electre- 
static field between the ends 
of the cylinders, it is converg- 
ed toward a point (0 in the fig- 
ure) because the electrons aust 
assume a compromise motion be- 
tween their forward paths and 
the direction of the electro— 
static lines of force. 
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Fig. 14-2: <A Double-cylinder 
Lens. | 


After passing the gap between 

the two cylinders, the electrons 
find themselves in an electro- 
static field which tends to 

cause them to diverge, or spread 
Out, again. . But, at this point, 
the electrons are traveling fast- 
er, having been accelerated across 
the gap by voltage V. Hence they 
continue down the cylinder, con- 
verging toward a more distant 
point. 


ll. In Figure 3, the second 
cylinder is larger than the first 
cylinder, as might be the case 
when the second anode is the 
conductive coating on the inside 
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of the glass envelope. This 
means that the electrostatic 
field in this region is weak- 
er and its divergent action 

on the electrons is less, 

Hence the electrons come to 

a focus sooner than in the case 
where the two cylinders are of 
the same diameter, 


/ 
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Fig. 14-3: A Short-Foous 
Double-cylinder Lens. 


12. Potentials Applied to 
Electron Gun: in Figure 4 an 
electron gun is shown with volt- 
ages applied to the various elée 
ments, which might be represen- 
tative of any cathode ray tube 


circuit. 
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-1000V -700V. 
-~1050v. Ov. 
Fig. 14-4: Potentials Applied to 
an Electron Gun. 


Higher voltages, if used, will in- 
crease the velocity of the electron 
beam causing an increase in brilli- 
ance, The ratio of the voltages 

in this particular case, however, 
will apply to practically all 
tubes. A can be seen from the 
diagram, the cathode is actually 


operated at a highly negative 
potential, 1000 volts with re- 
spect to ground, This is the 
same as placing the accelerating 
anodes at a high positive poten- 
tial, since the difference in 
poe would remain the same. 

he grid voltage is placed at 
-1050 volts and is made variable, 
so that more or less beam current 
passes through the gun to the 
screen. The first anode has a 
potential of -700 volts applied 
to it, so that it is actually 
300 volts positive with respect to 
the cathode. The second anode 
has O volts applied to it. This 
means that there is 700 volts 
difference in potential between 
the first or focusing anode and 
the second anode. The electrons 
passing through this part of the 
gun will experience converging 
motion as well as an acceleration. 
The focusing anode is connected 
to a potentiometer so that the 
voltage on it can be varied 
either side of ~700 volts to 
obtain the proper degree of fo- 
cus. 


13. Function of the Deflec- 

tion Plates: en considering 

e function of the deflection 
plates in a cathode ray tube, it 
is necessary to remember several 
facts already mentioned in the 
discussion on focusing, but which 
also apply to the principle of 
deflection. One is that electrons 
are particles of electricity, 
bearing a negative charge at all 
times, Another fact is that elec- 
trons are repelled by a negative 
field of any medium, attracted 
by a positive field. Still 
another is that the electrons 
which pass through the deflect- 
ing fields are in a narrow stream 
of bean. 


14. The position of the 
beam, after it has left the elec- 
tron gun, with no voltages ap- 
plied:to the deflecting plates, 
is midway between thé plates 
which shou}jd place the spot in 
the center of the viewing screen. 
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In the cathode ray tube of 
Figure 5, two sete of plates are 
shown. If a voltage is applied 
to a pair of these plates, so 
that one is positive while the 
other is negative, the beam will 
be deflected from its central 
position in the direction of the 
positive plate. As seen on the 
fluorescent screen, the spot of 
light is moved to a new position 
away from thecenter. When an 
alternating potential is applied 
to the deflection plates, the 
electrons are alternately de- 
flected back and forth to pro- 
duce a line of light on the 
screen. 





Fig. 14-5: Deflection Plates of 
a Cathode Ray Tube. 


15. Thus is provided a means 
of studying changes of voltage or 
current with time. If some method 
can be devised to apply linear 
changes in voltage to one set of 
deflection plates, then periodi- 
cally recurring signals can be 
seen on the screen of the tube as 
amplitude variations of that 
sweep when the signal voltages are 
applied to the other set of de- 
flection plates. In the follow- 
ing paragraphs several methods of 
obtaining such voltage changes are 
discussed. 


GAS. TUBE RELAXATION OSCILLATOR 


16. The simplest form of 
sweep generator is the relaxation 


oscillator, using a glow-discharge 
tube in conjunction with a resis- 
tor, condenser, and a DC voltage 
source. This is shown in the 
schematic in Figure 6. 





Fig. 14-6: 
Oscillator. 


Neon Tube Relaxation 


The oscillator portion of the 
circuit consists of the DC volt- 
age source, condenser ©, and the 
glow tube (a common neon or argon 
tube). In the circuit shown, the 
discharge tube is connected 
across the frequency controlling 
condenser. The resistor R, being 
variable, can also be used to 
Control frequency, but for the 
sake of illustration, this unit 
4s considered as being fixed in 
value. 


17. eration of the device 
is along the following lines: 
Current from the DC voltage source 
flows through the resistor, charg- 
ing the condenser to a certain 
voltage. Normally, were it not 
for the presence of the glow dis- 
charge tube, the condenser would 
charge to the full value of the 
DC voltage, but with the tube 
connected across the condenser, 
this does not occur; when the 
voltage across the two anodes of 
the tube reaches a certain value, 
the gas ionizes; the tube flashes 
and becomes a conductor. When 
this happens, the tube short-. 
circuits the condenser and dissi- 
pates its charge. 


18. It 4s characteristic 
of such gas-filled tubes that once 
ionizagfion has occurred, it will 
persist even if the voltage 
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across the tube electrodes is 
somewhat reduced. However, 
when the voltage across the 
tube anodes reaches the lower 
critical value, lonization 
ceases and the tube again be- 
comes a non-conducstor, and the 
cohdenser charging cycle starts 
all over again. Thus the tube 
can be said to have two critical 
values of voltage; namely, an 
ionising and a de-ionizing po- 
tential. 


19. The usual arrangement 
is to use a glow-discharge tube 
that has a breakdown voltage 
rating appreciably lower than 
the voltage of the supply. 
Suppose, by way of illustration, 
thet a tube having a critical 
fonizing voltage of volts 
28 used with a 100 volt supply. 
When, during the initial charge 
cycle, the voltage across the 
condenser reaches 60 volts, the 
tube ionizes and the condenser 
is discharged through the tube. 
The voltage across the conden- 
ser falls to a value less than 
thet required to keep the gas 
within the tube in a state of 
ionization, the tube again be- 
comes a very high resistance, 
and the condenser recommences 
its charging cycle. 


20. Whena system of this 
type is used to supply the sweep 
voltage, or time base, the charg- 
ing voltage developed across the 
condenser is used es the poten- 
tial which sweeps the beam spot 
across the screen, and the dis- 
charge cycle is the voltage 
which returns the spot to its 
initial starting position. Fig- 
ure 7 shows several cycles of 
the output voltage waveform of 
the neon tube oscillator ill- 
ustrated in Figure 6. The slop- 
ing line which rises from sero 
to maximum can be considered as 
the charging cycle, since it in- 
dicates the rise infoltage 
across the condenser, The dis- 
charge trace is the steep drop 
from maximum to de-ionization; 
it is barely visible on an os- 


clilloscope, because the spot is 
ewept across the screen so rap- 
idly that it does not receive 
enough energy to make it fluoresce 
noticeably. 


-fAtxtinguishing Potential 


Voltage 


&o 


Time 


Fig. 14-7: Output from Neon 
Tube Sweep Generator, 


21. The frequency of a re- 
laxation oscillator of this type 
can be varied in trree ways: 
With the flashing voltage and 
the resistance constant, varia- 
tion of the capacity will vary 
the frequency. With capacity 
and flashing voltage constant, 
variation of the resistance will 
vary the frequency. Increasing 
the capacity, increases the time 
required for the voltage to build 
up across the condenser; so that 
in a given period of time fewer 
charging cycles occur than would 
be the case with a smaller cap- 
acity, since the latter would 
require less time to become charged 
to the flashing voltage. 
the same token, raising the re- 
sistance increases the time re- 
quired for the capacity to be- 
come charged to a certain volt- 
age. These conditions apply to 
all types of relaxation oscilla- 
tors, since frequency is a dir- 
ect function of the charging or 
discharging time or resistance- 
capacity combinations. If the 
flashing voltage is reduced, it 
will require less time to develop 


this potential across the conden- 


ser, which again means that the 
frequency will be higher. 
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THERATRON SWEEP GENERATOR 


22. Operation: The thyra- 
tron sweep generator functions 
in much the same manner as the 
neon tube relazation oscillator. 
A thyratron is a triode filled 
with an inert gas (usually argon) 
which will ionize when the volt- 
age between the cathode and the 
plete reaches a certain value. 
The voltage at which ionization 
occurs depends upon the bias 
applied to the grid. In other 
words, the flash voltage is 
a function of the grid voltage. 
With a given negative bias 
applied to the control grid, the 
tube will flash at a certain 
plate voltage. This potential may 
be developed across a condenser 
connecting plate and cathode to 
ground. As the flashing poten- 
tial is reached and the grid 
loses its control the condenser 
Gischarges through the tube. 
When the voltage across the con- 
Genser is reduced to the lower 
critical potential, the tube de- 
ilonizes, whereupon the grid again 
takes control; the tube becomes 
a non-conductor, and the charge 
ing cycle starts all over. The 
potentiometer P, Figure 8, is 
used solely to establish the 
proper flash voltage to produce 
the most linear sweep possible. 


Discharge = 
Path ( €\ [Charge 
' { Path 
Y Oute 
3 put 





—. 


Pig.14-83 Thyratron Sweep Gen- 
erator. 


25. The thyratron sweep 
generator can be made to operate 
with an external synchronization 
Signal. By applying an appro- 
priate .voltazge to the grid of the 


thyratron the sweep frequency 
may be "locked in step" with 

the frequency of the signal be- 
ing observed. This is done by 
feeding a small portion of the 
voltage to be observed (1i.06., 
the voltage applied to the sig- 
nal plates of the CRT) : 
to the input circuit of the 

time base tube. The pulses will 
maintain the frequency of the 
sweep generator at the setting 
required for developing the pro- 
per image. The sweep generator 
will keep step with these syn- 
chronizing pulses, whether they 
are a multiple or a sub-multi- 
ple of the frequency of the 
sweep oscillator. his locks 
the image in a stationary posi- 
tion on the screen of the CRT. 


HARD TUBE SWEEP GENERATOR 





24. ‘In the neon tube and 
thyratron types of sweep genera- 
tors, the frequency of the sweep 
js entirely dependent upon the 
constants of the circuits. In 
Radar equipment there is need 
for a sweep generator whose fre- 
quency can be synchronized with 
an external pulse generator, 
such as a blocking oscillator 
or multivibrator. In the case 
of blocking oscillators, the 
need for this can be seen as 
&@ complete sweep must occur 
for each pulse of the oscilla- 
tor. If a blocking oscillator 
is used to trigger the sweep 
generator, the two circuits 
must of necessity be synchronized 


Z 








Cy Rp Out- 
put 
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Pig.14-9: Hard Tube Sweep 
Generator. 


» at the same frequency. Likee- 
wise, if a multivibrator is 
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used to trigger both the blocking 
oscillator and the sweep generator 
this is true. In Figure 9, is 
shown a convenient circuit that 
can be triggered externally to 
produce a sweep which meets the 
above requirements. It is known 
as a vacuum or hard tube sweep 
generator, 


25. In this circuit syn- 
chronization pulses are applied 
to the grid circuit, output 
being taken from the plate cir- 
cuit. By way of analysis, ass- 
ume that a waveform as shown 
in Figure 10(a) 1s used to trig- 
ger the circuit into operation. 
This waveform may be obtained 
from a multivibrator, since 
this device is capable of pro- 
Gucing very reliable rectan- 
gular waves. 


a db olUC«éa 


ay) | | | 
\Waveform at X ; 






Fig. 14-10: 
Hard Tube Sweep Generator. 


Waveforms of a 


26. As the leading edge 
(a) of the positive-going square 
wave 1s applied to the input 
circuit, the grid is driven very 
positive so that grid current 
flows, quickly charging up the 
grid condenser through the low 
resistance between grid and 
cathode. This action can be 
followed in Figure 10(b). Phen 
as the trailing edge (b) of the 
positive pulse is applied, the 
grid is driven very negative, 
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cutting off the tube. The charge 
on the condenser in the grid cir- 
cuit will now attempt to leak 
off through the grid resistor; 
but, since this is a large re- 
sistance, the resultant time 
constant will be so long that 
the charge will have only part- 
fally leaked off when the next 
positive pulse (point c) is 
lied. Therefore, the grid will 
e driven only slightly positive 
just enough to replenish the 
charge that leaks off between 
pulsese 


27. In the plate circuit 
the changes which occur simul- 
taneously should now be invest- 
igatod with the grid action. 





With zero volts on the grid, or 


with the tube in a static con- 
dition, the voltage at the plate 
will be at some steady value. 
As the grid voltage rises (Fig- 
ure 10(B), point a) the plate 
current will increase, causing 
the plate voltage to drop. This 
action can be followed in Fig- 
ure 10(C). As the grid voltage 
is increased, the resistance of 
the tube drops to a low value 
and the condenser in the plate 
circuit is discharged through 
the tube. This operation is 
very similar to the discharging 
of the condenser in the neon 
tube and thyratron sweep gener- 
ators. When, at point b, the 
voltage on the grid is suddenly 
swung in a negative direction, 
the tube is cut-off. Since the 
tube resistance is now infinit- 
ely high, the condenser will not 
continue ite discharge. Further- 
more, the charge across it is 
now less than the applied poten- 
tial; consequently, it will 
start to charge through the re- 
sistance in the plate circuit. 
If only the most linear portion 
of the charging curve is used 

a good sweep waveform can be 
obtained. the grid voltage 
does not rise enough to allow 
the tube to conduct before the 
next pulse, the sweep voltage 
will be equal in time duration 


to the time between the trailing 
edge of one pulse and the lead- 
ing edge of the next pulse. If 
the tube does become conductive 
before the next pulse occurs, 
the condenser will begin to lose 
its charge sooner, thus decreas- 
ing the sweep time. This is 
shown in Figure ll. 








Sp 


Fig. 14-113 Resultant Waveforms 
When Grid Rises Above Cutoff Bee 
fore Next Input Pulse. 


28. On succeeding pulses the 
same action will occur as on the 
first pulse, except that the grid 
will not be driven to auch a posi- 
tive value, even momentarily, 
8s it wes on the first cycle be- 
fore the grid condenser became 
charged. 


29. Determination of Sweep 
Time: It is poss e to contro 
roughly the length of the sweep 
time by causing the grid voltage 
waveform (Figure 11) to reach 
cutoff ina longer or shorter 
period of time. This can be done 
by changing the RC time constant 
in the grid circuit, so that more 
or less time is required for the 
grid condenser to discharge to 
cutoff. The same effect can be 
produced by applying a positive 
voltace to the grid resistance, 


so that the condenser will 
attempt to discharge to sero 
and then charge to the voltage 
applied. his will cause the 
cutoff point to be reached more 
rapidly as the condenser dis- 
charges than if the condenser 
had only the voltage across it- 
self to discharge. 


50. The time of the sweep 
may be controlled further by use 
of a limiting circuit. Diode, 
grid, or plate-limiting would be 
effective, but usuelly diode or 
grid-limiting is employed. This 
circuit limits the amplitude 
and decreases the time simultane 
eously. The block diagram for 


such a system is shown in Figure 
12. 





Fig. 14-12: Block Diagram of 
Limiter for Generator used to 
Adjust Time Duration of Sweep. 


51. If the sweep is linear, 
and its time duration can be con- 
trolled, it is possible to cone 
struct a scale which may be cali- 
brated in microseconds and super- 
imposed on the trece on the screen 
of a cathode ray tube. With such 
a scele on the tube it would be 
possible to note the time differ- 
ence in microseconds between the 
pulse which synchronises the 
sweep generator and any other 
signal also synchronized with 
that pulse, but occurring at 
a later time. 


52. This is precisely what 
4s done in Radar. For conven- 
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ience in calibration the scale is 
marked in miles or yards instead 


voltage across the cmdenser 
lasts for a longer period of 


of microseconds, which is per- 
missible since distance is a 
function of time. Range marker 
pips to be discussed in chapter 
XVIII, can be used to calibrate 
the screen since the period of 
time between successive pips is 
also a function of time. The 
reflected signal or echo can 
easily be ranged, therefore,by 
superimposing it on the sweep 
and noting the difference be- 


tween its position and the start 


of the trace. 


33. In order to obtain a 
longer sweep and still keep 
linearity, the time constant of 
the charge path of the sweep 
generator must be lengthened. 
In Figure 13, waveforms are 
shown that might be applicable 
to the schematic in Figure 9. 
In (B) the duration of the lin- 


ear portion or the charging volt- 


age is relatively short compar- 
ed to the period: between syn- 
chroni zing pulses. 














1 
= 
® 
@ 
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Fig. 14-13: 
Long RC constant in Sweep Gener- 
ator. 


This then would be the type of 

waveform to be used for a short 
range. In (C) the time constant 
of the charging path is longer, 
so that the linear rise in 


Effect of Short and 


time; consequently a signdl may 
be ranged, even though its dis- 
tance as a function of tim is 
such that it occurs almost at 
the end of the period between 
pulses. 


34. Push-Pull Deflection: 
The waveforms whic ave been 
discussed throughout this chapter 
may be applied to one deflection 
plate in a cathode ray tube, 
while the other is held at a con- 
stant voltage, to obtain deflec- 
tion of the beam of electrons. 
But in order to obtain a trace 
which is more linear, it is de- 
sirable to use an arrangement 
whereby sweep waveforms of 
opposite polarity can be applied 
to the two deflection plates. 
This may be accomplished by feed- 
ing a sweep waveform directly to 
one deflection plate and apply- 
ing it simultaneously to a phase 
inverter which reverses the pol- 
arity of the signal without 
changing its amplitude. (See 
chapter XV) The output of the 
phase inverter is then connected 
to the other deflection pthate, 
so that as one plate goes posi- 
tive, attracting the electron 
beam, the other plate goes neg- 
ative, repelling it. 


INDICATOR GATE 


35. It is desirable to have 
the cathode ray tube inoperative 
during that part of the period 
between synchronizing pulses 
when there is no need for a trace. 
This inoperative condition may 
result from a high bias between 
grid and cathode of the tube, so 
that the grid must be driven in 
a positive directim (or the 
cathode in a negative direction) 
in order for beam current to flow. 
This means that a pulse equal in 
time duration to the trace must 
be applied to the proper element 
of the electron gun. The circuit 
which is used to accomplish the 
sensitizing of the tube is call- 
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Fig. 14-14: Block Diagrem of a Simple Indicator, 





ed an "indicator gate". Figure 
14 shows a block diagram of a 
simple indicator which contains 


the circuits just discussed, o—_ff 


56. It will be recalled, 
‘(chapter III) that a sawtooth 
voltage waveform applied to a 
short RC differentiator circuit 
results in a@ squsre wave out- 
put. See Figure 5-15. If the 
negative-going output of the 


sweep limiter-amplifier of Fig- Pig. 14-153 An Indicator Gate 
14 is applied to an indicator Circuit Employing a Differentie 
gate circuit, composed or an KC ator-Amplifier, 


differentiator--amplifier the neg- 
ative-going sweep will be differ- 


antiated and applied to the grid 57. With the grid of the. 
of the amplifier. The amplifier CRT held well beyond cutoff 
output, a positive-going squsre except during the sweep-time 
wave with a time-dursation equal there is no visible retrace, 

to the sweep time, may then be Likewise, echos returning 
applied to the gria of the CIT, from ranges grester cthan the 
removing the bias and allowing the swee p-renge will not appear 
tube to conduct for the sweep-= "piled up" at the end of the 


time only. trace. 
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CHAPTER 


XV 


Phase Inverters 


1. A Phase Inverter is an 
amplifier employing degeneration 
and,in some instances,a voltage 
divider network in its grid cir- 
cuit to invert the polarity of 
a signal without changing its 
amplitude. There are instances 
in Radar circtits where a wave- 
form of the desired shape and 
amplitude has been developed but 
which is of the wrong polarity 
for the particular application 
under consideration. Some. type 
of phase inverter circuit for 
changing the polarity of the 
waveform without changing its 
amplitude or distorting its shape 
is required. 


2. Other applications re- 
quire two input signals of oppo- 
site polarity. A single input 
waveform of the desired shape is 
available but of insufficient 
amplitude. It must be amplified 
and converted to a push-pull out- 
put. An amplifier fulfilling 
these requirements is commonly 
called a Paraphase Amplifier, or 
Phase Splitter. Sometimes a 
transformer will meet these speci- 
fications if it is provided with 
a center-tapped secondary or with 
a center-tapped resistance across 
the secondary. 


Se It should be pointed out 
that the commonly accepted term, 
"Phase Inverter" is something of 
a misnomer since phase is ordin-~ 
arily associated with time and 
there is no appreciable time 
adifference or phase shift between 
the input and output circuits of 
the ordinary phase inverter. 

It is only an "apparent" phase 
inverter, but is in reality a 
polarity inverter. This should be 
borne in mind whenever the term 
"Phase Inverter" is used. 


TRANSFORMER AS A PHASE INVERTER 


4. The output waveform at 
the plate of the tube in Figure 
l has a positive polarity with 
respect to the reference level 
indicated. 


BE 


Fig. 15-1: A Transformer Per- 
forms Polarity Inversion. 


For the purpose of illustration 
let it be assumed that the cir- 
cuit following tube V, requires 

a negative pulse of tHe same 
shape. This requirement can be 
met by utilizing the polarity 
inverting property of an ordin- 
ary transformer. To have the same 
amplitude the transformer should 
have a turns ratio of one-to-one. 


Oo. Now assume that instead 
of the single output voltage of 
Figure 1, two output signals of 
equal amplitudes and opposite 
polarity are required to drive 
@ push-pull amplifier. To meet 
these conditions a transformer 
with centertapped secondary may 
be employed as shown in Figure 
<. With this center tap ground- 
ed, at some instant of time when 
the voltage at point X is going 
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positive with respect to ground, 
the voltage at point Y will be 
going negative with respect to 
ground. hus the voltage on the 
grid of Vo will be of opposite 
polarity to the output of Vj and 
the voltage on the grid of 

will be of the same polarity as 
the output of Vy. The output of 
the transformer is now divided 
equally or split between the 

grids of Vo and Vz. This arrange- 
ment will cs entirely satisfactory 
provided the transformer is de- 
signed to reduce distortion to 

the required minimum, 





Fig. 15-2: A Center Tap Trans- 
former Employed to Drive a Push- 
pull Amplifier. 


6. An alternate arrangement 
which does not require center- 
tapping of the transformer secon- 
dary is shown in Figure 5. In 
this case an ordinary transformer 
with a single secondary winding 
is used and a resistance divider 
is placed across the secondary 
and center-tapped in order that 
it may be returned to ground to 
effect the voltage "splitting". 


7. The transformer as a 
phase inverter or phase splitter 
in Radar has its limitations in 
that it is difficult in some 
cases to keep distortion to a 
minimum. For more critical per- 
formance specially designed amp- 
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lifiers are employed. 
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Fig. 15-3; <A Voltage Divider 
Employed Instead of Center- 
Tapping the Secondary. 


VACUUM TUBE AS A PHASE INVERTER 


8. In some circumstances 
it is necessary to reverse the 
polarity of a pulse or waveform 
without changing its amplitude. 
Aside from the somewhat doubtful 
use of a transformer, this is 
readily accomplished by the use 
of an ordinary RC coupled amp- 
lifier with an unbypassed cath- 
ode resistor as shown in Figure 





Fig. 15-4: <A Phase Inverter Ea- 
ploying Cathode Degeneration. 
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It will be recalted thar eny 
ordinary vecuum tube amolifier 
with a resietive load in the plate 
circuit 1s fundamentelly a phase 
inverter with grid and plate 
voltages opposite in polarity. 
The true phase inverter circuit 
however, does not produce any 
voltage gain, It is designed to 
invert polerity without affecting 
amplitude. But since the vacuum 
tube is an amvlifier-some zeans 
of neutralizing its gain is re- 
quired if there is to be no 
chenge in-amplitude from input to 
Output. 


9. The most generally used 
method is that emoloved in Figure 
; degenerative (negative) feed- 
back. This 18 accompliehed by 
leaving out the usuel bypass con- 
denser across the cathode re-. 
sistor. De ending upon the size 
of the cethode registor, voltage 
ain and distortion are reduce 
Usee chepter IV). If is of 
the correct value the degenera- 
tion produced will be just suf- 
ficient to reduce the gain of the 
circuit to unity. 


10. In addition to dezgener- 


ation, another method of equal- 
izing the input and output amp- 
litude of the phase inverter is 
that of employing a voltage di- 
vider network in the grid circuit 
of the phase inverter, 





Fig. 15-5: Phase Inverter En- 
ploying a Voltage Divider Network. 





This is generally used together 
with 9 smell smount of cegener- 
ation thus ret: ining its tendency 
to reduce distortion. See Figure 
5. It is necessary to adjust the 
values of R, and Ro making 

larger and R eme1fer until the 
losses introduced in the grid 
circuit just balance the gain or 
the tube. 


PARAPHASE- AMPLIFIER OR PHASE 
SPLITTER = =——t—“‘“‘COSNSNNCOC;™*# 


i 


ll. <A paraphease Amplifier 
is one used for converting a 
Bingle input to a push-pull out- 
put. It is used in electrostatic 
deflection cireuits in cathode 
ray tube equipment and in other 
applications where the’ positive 
and negstive vortions of a wave-— 
form must be’ calanced with respect 
to some reference,potential, such 
as ground. It. takes either of 
two forms; a single tube circuit 
which combines plate coupling 
with cathode couvoling, or a two- 
tube circuit, in which the output 
of one tube is couplegto the 
input of the other. 


t 


ae 
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Fig.15-6: 


Single Tube Paraphase 
Amplifier. 
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12. Figure 6 is typical of 
the former type. If the plate 
and cathode load resistors have 
the same value the two output 





Fig. Lie7 3 
Amplifier. 


Two Tube Paraphase 


voltages will be equal in ampli- 
tude since the same load current 
flows through both. The polari- 
ties of the output voltages will 
be opposite with respect to 
ground. 


13. The Two-tube Paraphase 
Amplifier, Figure 7, consists of 
one tube (V}) which acts as a 
conventional amplifier and anoth- 
er (Vo) which is fed from the 
output of the first by way of a 
voltage divider, Rj) ana Ro, which 
should nullify the gain of the 
first tube. This condition is 
satisfied when the value of Ro 
is so adjusted that the voltage 
variations aczvoss it are of the 
same amplitude as the input to 

This will then provide Vo 
with an input signal of the same 
amplitude as that applied to the 
grid of V, but of the opposite 
polsrity due to inversion in V}. 
The output of Vo, because of its 
polarity inverting properties, 
will be of the opposite polarity 
to its input and therefore to the 
output of V,. Assuming that the 
two tubes and their plate load 
resistors, and Ks, are matched, 
the output ass will be equal 
in amplitude. 
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Electromagnetic Sweep Generation 








1. Electromagnetic sweep 3. Low voltage required, 30- 
generation is utilized to pro- 4o volts. 
duce deflection of the electron 4, Wide angles or deflection 
beam in a cathode ray tube by for short length. 
Causing the beam to travel into 5. Not mbject to vibration, 


a magnetic field, the intensity 


of which can be increased at some (Bad) 
known rate. It is found desir-— ; ‘ equires relatively high 


able to utilizeYelectromagnetic power. 
means of focusing in conjunc- 
tion with a system generating 3. Magnetic Deflecting 
an electromagnetic sweep. Thus Force: .A magnetic field exerte 
cathode ray tubes may be consid-— a force on a moving electron due 
ered as of two distinct types; to the fact that a moving charge 
(a) electrostatic and (b) the ig an electrical current, anda 
electromagnetic. Each has pec- Magnetic field produces a force 
ulilar characteristics which to upon a current... This force pro- 
a great extent determines its duced by the magnetic field is 
scope of application. at right angles to both the mag- 
netic field and the direction of 
2. Following is a list of movement of the electron. It 
the characteristics, both good is proportional to the charge 
“ft and bad, of electrostatic and of the-moving particle, to the 
ip electromagnetic types of cath- magnetic flux density, and to 
¢ ode ray tubes: the component of the velocity 
that is at right angles to the 
Ele ctrostatic CRT Magnetic field. 
(Good) } 4, In order that magnetic 
« Feadily available in small forces may be used for deflec-— 
sizes. tion, the magnetic field is set 
2. Requires low power, up Oy eee ren. through a 
coil, or coils, situated go that 
(Bad) the axis of the coils intersects 
° equires high voltage. the axis of the electron beam at 
2. Large, bulky, difficult right angles. The lines of mag- 
to make in large.sizes. netic force thus produced are at 
e° Greater length required. right angles to the direction 
Very high voltages for of the electron motion, Under 
large angles of deflection. these circumstances, the elec- 
5. External seals for large — trons experience a force, due 
sizes. to the magnetic field, that 
6. Subject to vibration. urges them to move at right 
bts anglea to both the magnetic 
i Ele ctromagnetic CRT lines of force and their diréc- 
D Good ) tion of motion. 
e asy to make in all sizeeg. 
©. Small in size, ehart in ELECTROMAGNETIC FOCUSING 
Length. 5. The electrostatic 
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forces considered in the electron 
gun in Chapter XIV may be replaced 
by corresponding magnetic forces. 
The magnetic forces are set up by 
passing current through a coil of 
wire the axis af which corresponds 
with the axis of the focusing sys- 
tem. This radial coil is shown 
surrounding the neck of a cathode 
ray tube in Figure l. 





Fig. 16-1: Radial Focusing Coil. 


6. The priciple underlying 
magnetic focusing may be examined 
in terms of the magnetic lines of 
force set up by the coil. Con- 
sider the system shown in Figure 
Zé 





Focus Coil 


Fig. 16-2: Magnetic Focusing of 
and Electron Beam. 


Surrounding the tube is a focus- 
ing coil. The lines of magnetic 
force produced by the coil ex- 
tend the thickness of the coil, 
parallel to the direction of 
electron motion. 


7. The electrons experience 
a force from the magnetic field 
only if their motion is at an 
angle to the lines of magnetic 
force. If the line of motion and 
lines ofmagnetic force are paral- 
lel, the electron is urged to move 
Only by the attracting force 
from the anode. However, if the 
electron leaves the cathode at 
a slight angle to the axis of 
the system, then a force is 
exerted on it by the magnetic 
field. The direction of this 
force is at right angles to the 
motion and to the magnetic lines 
of force. The force acts, in 
the case shown in Figure 2, into 
the plane of the paper, and: the 
electron travels in a spiral path, 
urged forward by the anode and 
to the side by the magnetic force, 
There will by some point along 
the axis of the tube which will 
be reached by all the eleetrons, 
regardless of their initial angles 
of motion with respect to the 
axis, At this point the screen 
should be located, as this re- 
presents the point of focus.of 
the electron heam,. 


qg 








8. In practice, the elect- 
rons leave the cathode at differ-: 
ent initial speeds and at various 
angles with respect to the axis 
of the tube. But the time re- 
quired for any electron to com- 
plete the circle in its spiral 
flight depends only on the 
strength of the magnetic field. 
Hence, all electrons from the 
cathode complete the circle in 
the same time, provided only 
that the magnetic field is uni- 
form. 


9. The strength of the mag- 
netic field may be controlled by 
the amount of current passing 
through the coil and by the nume 
ber of turns in the coil. For a 
given coil, the magnetic field 
may be varied by varying the 
current until the electrons are 
focused on the scanning surface. 
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CONFICENTIAL 
ELECTROMAGNETIC CEFLECTION 


10. In Radar indicators 
it is usually necessary that de- 
flection of the beam in a cath- 
ode ray tube be increased line 
early with respect to time. 
Since the deflection is propor- 
tional to the deflecting force, 
linear deflection is obtained 
by applying a deflecting current 
that increases linearly with re- 
spect to time. When the end of 
the sweep is reached, the deflec- 
ting force must reverse itself 
and decrease rapidly to its or- 
iginal value. The deflecting 
forces must, in other words, 
have a shape shown in Figure 5, 
when plotted against time. 


Fig. 16-5: Current through a 
Deflection Coil to Produce a 
Linear Sweep. 


lls Froducané a Linear 
Rise in Current Through an In-= 
ductance;: 

voltage as produced in a sweep 
generator for electrostatic de- 
flection cannot ordinarily be 
used as a source of saw-tooth 
waves of current required for 
magnetic deflection. 
flection coils in the magnetic 
system have the property of 
electrical inductance, com- 
bined with some inherent resis- 
tance. When a periodic voltage 
wave is applied to such a resis- 
tance-inductance combination, 
the corresponding periodic cur- 
rent does not have the same wave 
shape, except in the two cases 
of which ere of interest in fae 
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The de- (D) 


dar,since they are nonlinear 
with respect to time. 


12. It is necessary to 
determine, therefore, what form 
of voltage wave must be applied 
to a resistance-inductance com- 
bination to produce a linear 
rise of current. This may be 
done by considering first an 
ideal deflecting coil composed 
of inductance only. keferring 
to Chapter III, it will be 
found that the current in a 
pure inductance can be made to 
change linearly with time, only 
if an instantaneous change in 
voltage is applied across the 
inductance. These waveforms 
are shown in Figure 4. 


The sweep waveform of (Cc) Voltage kcross a pure , 


| resistante;to produge! (A). 






Fig. 16@4: Voltage Applied to 
a Coil to Produce a Linear Cure 
rent Through it. 


The voltage wave consists of 
sharp, instantaneous impulses 
the height of which corresponds 
to the desired rate of change 
of current in the inductance. 


The coil must, however, contain 
some resistance. It is obvious 
that a linear rise in current 
through a resistance is produc- 
ed by a linear rise in voltage 
acrose it, Figure 4(C). Then 
the voltage applied to a prac-— 
tical inductance should be the 
sum of these constant voltage 
values, Figure 4 (D). Thus a 
"trapizoidal" voltage applied 
to a deflection coil will pro- 
duce a linear current through 
the coil. 


13. Peaking Resistor: The 
combination of square wave and 


saw-tooth voltages in Figure 4 
must be produced in the sweep 
generator. The manner in which 
this voltage wave is produced 
is illustrated in Figure 5. 


B+ 
Defl. 
Coil 
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Fig. 16-5: 
Produce a Trapizoidal Voltage. 


Here C is the capacitor charged 
through the two resistors R, and 
Ro from the voltage source &, 
The synchronizing pulses necess—- 
ary to make the circuit operate 
are applied to the grid of the 
sweep generator. The output volt— 
age waveforms is taken across 
Capacitor C and the peaking re- 
sistor Ro, The part of the volt- 
age appearing across the capaci- 
tor is a saw-tooth wave as shown 
in Figure 6(A), in no way differ- 


ent from that produced in the 
simple electrostatic deflecting 
circuit. The voltage appearing 
across must be considered in 
two categories. When the con- 
Genser is charging, the voltage 
across the resistors R) and Ro 
is the reverse of that appearing 
across the condenser (since the 
sum of the voltages must equal 
the constant voltage E,). 
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Fig. 16-6: Waveforms in a sweep 
Generator Circuit Employing a 
Peaking Resistor (Ro), 


When the condenser starts to 
discharge (as the sweep genera~ 
tor tube fires) the voltage 
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scross 0 and Ro ie suddenly 


shunted by the low resistance 


of the tube. The voltage 
across thecapacitor cannot 
change suddenly; hence the dif- 
ference in voltage must appeer 
euddenly @orose the peaking re- 
sistor Ro. After the initial 
voltage, the conden- 
eer discharges until the tube 
suddenly becomes nonconducting; 
that is, at the end of the syn- 
chronizing pulse applied to its 
grid. Then the voltage in the 
circuit suddenly rises to the 
The capaci- 
tor voltage cann change in- 
stantaneously, so the voltage 
across Ro changes suddenly, 

as shown in Figure 6(B), and 
thereafter the capacitor charges 
at the rate determined by R, 
and in series. Since the 
charging or sweep time will be 
limited to the most linear part 
of the charge curve by the 
proper selection of R} and Ro 
a constant current may be con- 
sidered as flowing to charge the 
such a linear 
rate. (See Chapter III, para- 
graph 35). A constant current 
flowing through Ro will produce 
a constant I R drop across it. 
This squcre voltage pulse in 
series with the linear voltage 
rise across the:-condenser re- 
sults in the combination wave- 
form, part impulse, part saw- 
tooth, shown in Figure 6(C). 
Such a voltage, avlied to de- 
flecting coils, will produce a 
linear rise of current. By ad- 
jJusting the relative values of 
C and Ro, the amount of peaking 
impulse, relative to the savw- 
tooth amplitude, may be set at 
any desired value to match any 
given combination of resistance 
and inductance in the deflecting 
coils. 


14, Damping Resistsnce 
Across Def lecting Coil: In many 
cases the rapid change in cur- 
rent through a deflecting coil 
at the time of retrace causes 
the coil to be shocked into o8- 


clliation. If the Q of the 
coil is sufficiently high, the 
dempea oscillations will con- 
tinue during the next sweep, 

as shown in Figure 7. This 
will cause a very nonlineer 
sweed at the begsinnins of each 
trace. Such oscil’gstions may 
be damped in am-:litude by plac- 
ing aresistance of spproximate-— 
ly 20,000 ohms in parellel with 
the deflecting coil, so that 
they have died out before the 
next trace starts. 


Reference 
Waveform 
( 








Fig. 16-7: Oscill.tions in 
Coil Current During end After 
Retraceé. 


The Waveform of the voltage 
across the coil will then be 
as shown in Figure §,. 
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Figel6-8: Damped Oscillstions 
3m Coil Current. 


A diode may be used as the damp- 
ing resistance, in which case 
the cathode of the diode is con- 
nected to the plate of the 
deflection amplifier output 

tube and the plate connected 

to the plate supply end of the 
coil. This arrangement is 

shown in Figure 9. 
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Figure 16-9: Diode Used as 
Damping Resistance. 
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CHAPTER XVIT 


Sweep Control Systems 


1. In certain types of 
Radar equipment, such as air-~ 
borne models ASC, ASD, and ASG, 
end in numerous models of ship- 
borne gear such as SC, SG, FC, 
and FD, the antenna, which 
serves the dual purpose of 
transmission and reception of 
radio frequency energy, must be 
rotated or moved about some 
axis, usually the horizontal, 
in order to obtain information 
concerning the surrounding area 
on the indicator screen. There- 
fore, some system for control- 
ling the rotation of the antenna 
and synchronizing its movement 
with an indicating device on 
the Radar indicator proper is 
necessary if the operator is to 
be fully informed at all times 
of the data being received. 

The indicating device may be a 
simple moving indicator to show 
the bearing of the antenne with 
respect to the ships head or with 
respect to due north. It may 

be the trace or sweep on a 
cathode ray tube screen which 
sweeps out from the center radi- 
ally and rotates in synchroniza- 
tion with the antenna, present- 
_ing a type P picture, or it may 
be the sweep on a cathode ray 
tube screen which moves back- 
ward and forward across the 
screen instep with the oscil- 
lating or scanning motion of the 
anténna, presenting a type B 
picture. No matter what indica- 
tion is given, whether it be 
mechanical or visual, as on a 
cathode ray tube, the necessity 
for a control system exists 

in order to coordinate the in- 
formation being received. The 
smoothest and most efficient 
means of obtaining this control 
is utilizing either the selsyn 
(self-synchronizing) control 
system or the potentiometer 
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control system. 
THE SELSYN SYSTEM 
Ze 


Motor, Generator and® 

Transformer Ketion: heviewing 

riefly motor, generator and 
transformer action, it will be 
remembered that if a magnetic 
field is applied in the locality 
of a bar magnet or an electro- 
magnet, the magnet will attempt 
to align itself with that field. 
This holds also when the applied 
magnetic field is alternating 
and the magnet has an alter- 
nating current flowing through 
its winding so that its field 
is alternating. It should be 
remembered also that if a con- 
ductor moves through a magnetic. 
field a voltage is produced be- 
tween its ends. Similarly, if 
a moving or changing magnetic 
field cuts a stationary con- 
ductor a voltage is developed 
between its ends. 


5. The Synchro generator: 
Keeping these basic acts 
mind, examine first the Saat of 
a'simple selsyn system called 
the synchro generator (synchro 
for synchronous). If an alter- 
nating voltage is applied to the 
rotor of the synchro generator 
the voltages induced in the 
stator windings will be in phase 
but will differ in amplitudes. 
In other words, for any rotor 


AC 


Output 
Stator 


The Synchro Generator 


sr 


position there will be voltages 
induced in the stator windings 
which will depend upon the 
actual physical position of the 
rotor with respect to the coliis. 
Therefore, if the rotor were 
turned, different voltages would 
appear across the coils as the 
rotor essumed different positions. 
The output voltages from the 
synchro generator can be taken 
fror the three taps on the sta-e 
tor windings. 


4. The Synchro Motors The 
synchro motor is identical to 
the synchro generator in design 
in that it consists of a rotor 
and a three winding stator. 
Assume that AC voltages of diff- 
erent amplitudes are applied to 
the synchro motor stator wind- 
inzs and that an AC voltage is 
applied to the rotor winding. 
There will be a flow of current 
in the stator windings since the 
voltages across them are unequal, 


Input AC 
stator Rotor 
O 


Fig. 17223: The Synchro Motor. 


and the current will cause a mag- 
netic field to cut the rotor, 
wiich is, in effect, an AC elec- 
tromsagnet. The rotor will then 
attempt to align itself with the 
field produced by the stator so 
that the voltages inducsad into 
the stator windings by the rotor 
will cause the voltages across 
the coils to be equal in ampli- 
tude. 


5. Simple Solemn System: 
By connecting t output o 


synchro generator to the input 
of the synchr® motor and apply- 
ing an AC voltage to both the 

rotors ea simple selsyn control 


system is formed. Wow with 
any position of the rotor of 
the synchro generator there 
will be voltages induced in 
the stator and these voltages 
will be impressed across the 
coils of the motor stator. If 
there is any difference in the 
amplitudes of the voltaves, 





Ne 


yn 
The Simple Selsyn 


Fig, 17-3: 
Sys tem. 


current flows in the coils 
producing a field in which the 
rotor, since it also has cur- 
rent flowing in it continuously, 
attempts to align itself and by 
so doing induces voltages into 
the stator coils so that the 
aditferences in amplitudes become 
zero and current no longer flows. 
Thus as the rotor of the synchro 
generator is rotated the rotor 
of the synchro motor will follow, 
Slways attempting to keep the 
current flow in the stator wind- 
ings at zero. 


THE AMPLIDYNE 


6. The amplidyne generator 
is a dynamo-electric power ampli- 
fier. Ina simple system a 
mechanical power amplifier might 
consist of two or more generators 
in series. In Figure 4 the output 
of one generator whose field 
voltage and current is controlled 
by a variable resistance is con- 
nected to the field of the second 
generator which is mechanically 


coupled to the same shaft turning 


the first. If the field current 

is varied in the first generator 
the final voltage will be consider- 
ably larger than the controlled 
input voltage. Thus a DC voltage 
has been "amplified" or in- 
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eased through the use of a 


mechanical amplifier so that the 
control resistance may actually 
change the output voltage of the 
system by a lerge amount by mak- 
ing only a small change at the 
input.. 


Generator 2 
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9. If the load is removed 
from the generator and the 
brushes short circuited as 
shown in Figure 6, a high arma- 
turé current flows causing a 
very large armature flux ‘to be 
produced since the armature 


1 Generetor , : 
Ly - 
ee chal 





“PYG. 17-4: A Mechanical DC Amplifier 


{- In practice, the ampli- 
dyne consists of a single unit, 
the amplidyne generator and the 
motor driving it being on the 
same shaft and housed in the 
same shell. The principle of 
the ampli@yne is comparable to 
thet of a conventional DC shunt 
generator, 


&. If a field is applied to 
the generator shown in Figure 5, 
a voltage will be developed 
across the brushes shown. This 
voltage will be proportional to 





| Control 
Field 
Fig. 17-5: DC Shunt Generator. 


the field flux which produced it. 
If the load switch is closed a 
current will flow through the 
load and the armature windings, 
causing an armature flux to be 
produced as shown at right ang- 
les to the original control 
field. Thie flux or magnetic 
field ie proportional to the 


armature current. 


resistance isa of a relativel 
low value. Since the contro 
field flux produced a voltage 


4 = ©6Control 
Field 


Fig. 17-6: Shorted Turn in 
Armature of DC Shunt Generator, 


in the armature at right angles 
to ite lines of force, it | 
follows that a voltage will be. 
induced back into the armature 
by the large armature current 

at right angles to its flux. 
This valtage will. be proportion- 
al to-the armature flux caused 


by the current flowing between 


the shorted brushes. 


10. Rlecing a second set ef 
brushes on the armature and con- 
necting a load circuit to them 
as shown in Figure 7 causes a 
current to flow in the armseture 
between these two brushes and a 
field is oroduced in this axia. 
This third field is in direct 
opposition to the cortrol field 
and under the conditions shown 
the control field would be over- 
powered. 
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axis of the control field. (See 
Figure 9). The resulting AC 
field completely neutralizes 

ad residual magnetism in the arma- 
ture and field structure in 
periods during which the flux 
from the control field is zero 
(Zero current). 


3 Control 
Fiela 


Figel7-7: The Addition of a 
Second Pair of Brushes to the 
DC Generator. 


ll. If the current drawn by 
the load is passed through a series 
winding as shown in Figure 8, a 
field is produced which exactly 
neutralizes the armature flux 
opposing the control flux and the 
control field need only be strong 





Qs 
Additional Windings 
to Eliminate Residual Magnetism. 


Fig.17-9: 


ANTENNA AND SWEEP SYNCHRONI~ 
ZATION 


Series 


Compen- 13. The Rotatin Coils One 
satin method of synchronizing the ro- 
Fiel Load tation of the antenna with the 
rotation of the sweep on the 
screen of a cathode ray tube 
as when presenting a type P 
3 Control Field scan, is the use of a deflection 
coll or yoke around the tube 
Fig.17-8:| A Series Compensating which can be rotated mechanic- 
Winding ed to the Generator. ally in step with the antenna. 


enough to force its flux through 
the low impedance path of the 
armature. 


le. The high amplification 


This method entails the apli- 
cation of a selsyn system which 
does not drive any mechanical 
device directly but feeds its 
output into a control amplifier 
which in turn applies the con- 


factor of the amplidyne, usually trolling voltage to the control 
about 5000 to 1, makes it necessary field of the amplidyne, the out- 
to remove all the residual magnet- put of which drives the mechan- 
iem from the control field flux ical device, in this case the 
axis. Otherwise, a voltsge will spin motor or rotation motor 
appear at the output of the ampli- of the antenna. The block dia- 
dyne, even though no current is gram for such a system is shown 
flowing in the control field. To in Figure 10. In this instance 
accomplish the demagnetization, an the output of the synchro gen- 
alnico bar magnet is mounted on erator is fed into another 

the end of the amplidyne armature selsyn device, the synchro 

and the permanent field it produces transformer. It is the same as 
generates an alternating voltage. the synchro motor except that 
This alternating voltage is applied the output is taken from the 

to two opposed windings in the flux synchro traneformer rotor as 
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Fig. 17-10: Block Diagram of a Sweep Synchronization System 
loying a Rotating Coil. 


electrical energy instead or 
from the shaft of the synchro 
motor as mechanical energy or 
torque. Another difference is 
that the rotor of the synchro- 
transformer is the device whose 
movement is mechanically coupded 
to the deflection coil and the 
spin motor can actually be said 
to be synchronized with the 
sweep or trace caused by the de- 
flection coil. 


14, The-control amplifier 
1s an electronic circuit between 
the synchro transformer and the 
amplidyne that functions to amp- 
lify the AC signal from the 
synchro transformer and con- 
vert it into DC voltages for the 
control fields of the amplidyne 
generator. It consists of a 
two stage vacuum tube amplifier, 
the first stage for voltage 
amplification, the second stage 
for power gain. 


15. In order to trace the 
operation of the control ampli- 
fier, Figure 11, assume that the 
rotor of the synchro transformer 
1g in such a position that a 
voltege is induced in it. The 
voltage induced in the rotor is 
applied to the primary of trans- 
former 7 Assume at the in-~ 
atant under consideration that 


the polarity of transformer To 
is such that the plates of Vz 
and Vo are positive. It will be 
noted from the diagram that 
whenever the plates of V) and 
Vo are positive those of V 

and Vy will be negative with. 
regepect: to their cathodes and 
vice versa. Now consider fur- 
ther that the phase of the 
voltage from the synchro trans- 
former is such that at the 

same inetant point "A" willt 
positive and point "B" negative. 


16. Under these conditions 
the grid of V, will be more 
positive than the grid of Vo 
and more current will flow 
through R, than through Ro. 

This will cause condenser Q) 

to become more highly charged 
than Cj. In the following 
alternation of the line AC, 

the plates of Vz and Vy will b3 
positive and, by reason of the 
higher charge on condenser 0}, 
the grid of Vz will become more 
negative than that of Vy. Thus 
the plate current flow in Vy 
will be greater than that in V 
and the amplidyne control fields 
will be oorrespondingly un- 
balanced. It ‘should be noted 
that in this half of the cycle 
V; and Vs will not conduct since 
their plates are negative, 
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17. The unbalance of the 
current in its control field will 
cause the amplidyne to generate‘ 

a voltage and the antenna spin 
motor will operate to turn the 
antenna in the appropriate direc- 
tion. Bearing in mind that the 
rotor of the synchro generator 

is tied mechanically to the an- 
tenna, it is seen that the rota- 
tion will restore the rotor to 
such a position that the voltages 
induced in the stator windings 

and transferred to the stator 
windings of the synchro trans- 
former will not induce a voltage 
into ite rotor. Therefore, with 
no voltage output from the synchro 
transformer, into the control amp-e 
lifier, there will be no output 
from that unit into the amplidyne 
and consequently the output of the 
amviidyne will be zero voltage 


. mp avyne 
Contro 
Field 


Control Amplifier. 


and the spin motor will remain 

in a stationary condition. How- 
ever, if the rotor of the synchro 
transformer is moved, either with 
a hand crank or by a small motor, 
a voltage will be induced in it 
and the system will start funce 
tioning again with the spin motor 
attempting to allow the synchro 
generator to “catch up" with the 
rotor of the transformer. It 

is an easy matter, therefore, to 
gear the deflection yoke of the 
cathode ray tube to the rotor of 
the synchro transformer so that 
each movement of that unit's rotor 
will cause a corresponding move~ 
ment of the spin motor on the 
antenna. 


18. Hunting: In practice 
the training or aiming of the 
antenna by the control amplifier 
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is complicated by the problem 

of oscillation of the antenna 
about ite final position. This 
oscillation, called "Hunting", 
is caused by the tendency of 

the antenna to overtravel. The 
overtravel turns the rotor of 
the synchro generator past the 
point of zero voltage, inducing 
finally in transformer Ty a 
voltage of opposite sign to that 
which caused the previous rota- 
tion of the antenna. This volt- 
age unbalances the amplifier 

in an opposite direction to the 
previous unbalance, so that the 
antenna is swung back, again 
overtravels, is reversed once 
more, and so On. : 


19. To prevent this oscil- 
lation from occurring an anti- 
hunt circuit 18 employed. This 
involves feeding back voltages 
from the output of the amplidyne 
to the grids of tubes Vy and 
Vo. These voltages are of a 
Magnitude and a polarity such 
as toqpose the antenna move- 
ment as it approaches the correct 
position. They are fed through 
a resistance-capacity network 
to the amplifier input. A 
potentiometer is used to adjust 
the feedback for the proper 
amount to stop hunting. 


20. The Seleyn Motor: 
Another simple means of obtaining 
synchronization between antenna 
and sweep rotation is a selsyn 
device consisting of a rotor 
and two windings on the stator. 
(See Figure 12). In performance, 
the selsyn :otor is a transformer 
whose primary may be actually 
reversed physically with respect 
to the secondaries. With this 
arrangement a signal may be put 
into the primary and taken from 
the secondaries in opposite 
polarities, that is, push-pull, 
and the amplitudes of the signals 
will vary es the rotor is turned. 
The application of this systen, 
as far as sweep synchronization 


is concerned, ia made by mechan- 
ically coupling the rotor of the 


unit to the antenna so that each 
rotation of the antenna unit 
will cause a complete revolution 
of the rotor. 


N 
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(b) 
Fig. 17-12: Selsyn Motor. 


If a sweep wave form is applied 
to the primery or rotor of the 
selsyn motor, then sweep wave- 
forms will appear at the two 
secondaries. The two waveforms 
will te out of phase by 90° and 
as one increases the other will 
decrease and vice versa. These 
voltages can then be amplified 
and applied to deflection coils 
mounted at right angles to each 
other around a cathode ray tube 
to produce a sweep which moves 
Outward from the center of the 
screm and also rotates around 
the tube as the selsyn motor 
turns in synchronism with the 
antenna. 


21. The Potentiometer | 
Control: In presenting a tyve 
B picture on a cathode ray tube 
the trace must sweep from bottom 
of the screen toward the top and 
also backwards and forwards, 
that is, from side to side. in 
synchronization with the oscil- 
lating or scanning motion of the 
antenna. This means that a saw- 
tooth waveform at the frequency 


of the antenna scanning must be 
applied to the horizontal. 
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deflecting elements of the tube. In practice, the output of such 
This may be obtained from a poten- a system is taken from the two 
tiometer whose arms or contacts contacts end applied to the hori- 
are coupled mechanically to, and zontal deflection coil without 
moved with, the antenna. [In Fig- any amplification. 

ure 13, the circuit for such a sys- 

tem is shown. With a constant DC Antenna Sweep 
voltage applied to one tap of Pot entiometer 
the potentiometer and the other 
tap grounded, each contact will 
go through the full voltage var- 
lation, that is, from the applied 
voltage to ground or zero volts, 
if it is swung through 180° of 
movement. If the scanning of 

the antenna unit is maintained 

at a linear speed, then the volt- 
age rise from zero to full volt- 
age, or the decrease from full 
voltage to zero, will be at a 





linear rate and the trace will be S 
deflected from side to side at Fig. 17-13: Potentiometer Sweep 
the linear rate desired. Control. 
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CHAPTER XVIII 


Range Marker Circuits 


le. A range marker circuit 
is any circuit, either an ex- 
ternal unit or an integral part 
of an indicator, that supplies 
sharp voltage pulses of accurate- 
ly controlled frequency, synchro- 
nized with and superimposed on 
the sweep to produce an indicat- 
ion of range. 


2. One of the most val- 
uable applications of Radar is 
that of determining the range 
or distance from a Radar lo- 
cation to the target under con- 
sideration. Determination of 
azimuth angle and elevation 
angle are also important but 


without a knowledge of range this 


other information cannot be put 
to maximum use. Therefore, con- 
siderable importance is attached 
to the devices used to indicate 
distance from a target. The 
simplest means of obtaining this 
calibration would be the use of 
a transparent scale on the face 
of the indicator gathode ray 
tube, and in certain types of 
Radar equipment, this system is 
used. At first hand this might 
seem to be the ideal solution 

to the problem but it must be 
remembered that in order for the 
ecale to be accurate the linear- 
ity of the sweep and length 
would have to remain constant at 
all times. Therefore, some sys- 
tem of placing markers on the 
trace, which will always be the 
same distance apart as far as 
time and range are concerned, 

ie necessary so thz:t variations 
in linearity or in length of the 
trace will not change the cali- 
bration. 


3. Shock Excited Oscilla- 
tors: The simplést form o 
range marker circuit consists of 
an LC circuit which 1s shocked 





into oscillation at the begin- 
ning of the sweep. If the Q, 

or inductive reactance to re- 
sistance ratio, of the coil] 

in the resonant circuit is high 
enough, damped oscillations will 
continue for the time-—duration 
of the sweep. See figure l. 


Bt 


Fig. 18-1: Simple Range Marker 
Systen. 


This damped sine wave can be 
applied to the deflecting ele- 
ments of a cathede ray tube to 


. give a rough estimation of range. 


By choosing the resonant fre- 
quency of the LC circuit so that 
the period is 12.34 microseconds 
(the time required for a radio 
wave to travel out one nautical 
mile and return), or a multiple 
of 12.34 microseconds, the range 
marks can be made to occur at 

1 mile intervals, or some mul- 
tiple of 1 mile, for the dur- 
ation of the sweep. 


4. A more refined system 
for procuring sharp, clean pulseg 
to serve as range markers is 
shown in Figure 2. When a neg- 
ative pulse is applied to the 
damped wave, or shock oscillator 
the tube is cut off suddenly, 
causing Oscillations to occur in 
the LC tank of the cathode cir- 


-163- 


a™ 





Be 


, 


= 


+ 


Output 


Bt Bt Bias 


Fig. 18-2 Shock Excitea Oscillator Range Marker Systen. 


cuit. If this negat‘tve pulse 
lasts for the duration of the 
sweep, then the oscillations, 

even though they are damping 

out, will last long enough to 

give range markers over the en- 
tire trace. This sine wave oscil- 
lation is then applied to the grid 
and plate limiting stages, to an 
amplifying and sharpening stage, 
and finally to a biased cathode 
follower from which positive sig- 
nals only appear in the output. 
The sharpening stage consists of 
an amplifier tube with an induct- 
ance and resistance in its plate 
circuit. The resonant frequency 
of the inductance, with its dis- 
tributed capacity, is approximate- 
ly two megacycles. The tube is 
driven beyond cutoff on the nega- 
tive portion of the signal on the 
grid. This sudden change in 

plate current causes the coil to 
be shocked into oscillation. This 
oscillation is highly damped by 
the resistance across the in- 
ductance, however, so that less 
than one cycle occurs. Since the 
resonant frequency is two mega- 
cycles the period for one cycle 

is 0.5 microsecond, and the time 
for one alternation will be only 
0.25 microsecond. This sharp 
pulse will therefore appear as 

a very sharp pip on the trace of 


duration is so short. When:the 
positive portion of the grid 
signal is applied, the tube is 
driven above cutoff and the tube 
conducts suddenly causing another 
Shocked oscillation of the coil. 
Since the tube is now drawing 
current and the tube's plate re- 
sistance is in series with the 
cQil, the Q of the circuit is 
lowered considerably and the 
pulse is not as large in ampli- 
tude. This is of no consequence, 
however, since only the posi- 
tive. signal occurring when the 
tube was driven beyond cutoff 

is used. This signal is applied 
to the biased cathode follower 
which removes all of the negative 
portions of the waveform and — 
allows only the positive portions 
to appear in its output. 


5. In addition to super- 
imposing range markers on the 
sweep of the cathode ray tube so 
that they appear as amplitude 
variations of the trace, they may 
be used in intensity modulating 
@ cathode ray tube so the markers 
appear as bright spots on the 
screen, This application is used 
in several types of data present- 
ation, mainly types B and P scans, 
Thus, as the trace is swept from 
side to side in a type B picture, 


the indicator tube, since its time the range markers will appear as 
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bright lines all the way across 
the screen at the intervals deter- 
mined by the LC constants of the 
system. Ina type P presentation, 
the markers will appear as con- 
centric circles as the trace ro- 
tates. 


6. Apvolication of the Sus- 
tainin MGLtisibretor or Frankiin 
Gecilistor Several other meth— 
ods of obtaining range markers 
may be used so that the oscilia- 
tions are not damped but are 
sustained at full amplitude for 
the duration of the sweep. One 
of these is a circuit Known as 
the Franklin oscillator. In 
reality it is an oscillatory 


circuit in the grid of a tube 
which is shocked into oscilla- 


The second tube is necessary 
in order that the proper 
polarity reversals will occur, 
allowing the signal to be 

fed back to the LC tank cir- 
cuit so as to aid oscilla- 
tions. It may be thought of 
as a multivibrator since it 
Maintains recurrence of cycles 
by coupling the output of one 
amplifier to the input of the 
amplifier ahead of it. In 
this instance the frequency 
‘or recurrence of the oscil- 
lations is not determined by 
the RC time constants in the 
grid circuit of the first tube. 
The output of the oscillator 
is taken across the LC circuit 
and fed into a limiting and 
sharpening circuit as in the 


tion at the beginning of the sweep and damped wave type of marker 
is sustained in oscillation by feedback circuit discussed in para- 


from the output of the second tube. 


See Figure 3. 
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Fig.183: Frenklin Oscillator. 
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7. Range Marker Multivi- 
brator: This range marker cir- 
cult is similar to the Franklin 
oscillator in that it utilizes 
a second tube to obtain regen- 
erative feedback. The feedback 
obtained occurs between cathodes, 
so that sustained oscillations 
continue in the cathode circuit 
of the first tube. The feedback 
path from cathode to cathode is 
a@ series resonant circuit, offer- 
ing zero impedance at its reson- 
ant frequency and high impedance 
at nearby frequencies. Oscilla- 
tions therefore take place at 
the frequency at which there is 
least impedance in the feedback 
path. 


B+ 


; Fig. 18-h: 

8. In the circuit shown in 
Figure 4, when a positive pulse 
equal in time duration to the 
length of the sweep is applied 
to: the grid of V1, the voltage 
at the plate drops rapidly as 
the tube goes into conduction. 
This abrupt steep decrease in 
voltage appears at the grid of 
Vo so that the plate current is 
decreased, causing the cathode 
to drop. Since the cathode of 
V2 1s coupled through a low in- 
pedance circuit (L Cy) this drop 
will appear at the’ cathode of Vj 
also. This is the correct po- 
larity to aid in causing a fur- 
ther increase in plate current 
in V, since a urop in cathode 
voltage will cause the same 


effect as a rise in voltage on 
the grid. The cathode voltage 
(with respect to ground) will 
fall to a minimum and rise in 

a manner that is nearly sin- 
usoidal. As the cathode of Vj 
rises the tube draws less current 
until finally by the feedback 
action from the other tube, it 

is cut off. The plate voltage 

of V, rises sharply as the tube 
is cut off causing the grid of 

V5 to follow and the cathode of 
that tube to rise sharply because 
of the increase in plate current. 
This sharp rise causes the cath- 
ode voltage to rise and fall, 
producing a positive half cycle 
at the frequency of the series 





By Bias 


Range Marker Multivibrator 


resonant circuit. Then as the 
cathode of V> falls, since it is 
coupled to t cathode of V,, the 
tube, V., will be driven above cut- 
off catising its plate potential 
to drop and the cycle repeats. 
These sustained oscillations will 
continue until the end of the 
positive square wave is reached 
at which time V, will be cut off 
and held in that condition until 
another positive square wave with 
time duration equal to the sweep 
time is applied. 


: 9. The waveforms produced 
by the range marker multivibrator 
differ from sine waves due to the 
fact that the tubes are driven 
beyond cut off. Since the sides 
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of the waves are fairly steep, 
causing V> to conduct and cut 
off rapidly, the sharpening 
arrangement in its plate cir- 
cuit functions well. This 
sharpening circuit consists of 
C) an inductance which is shocked 
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into oscillations which are damp- 
ed by a parallel resistor. This 
gives a sharp narrow pulse for 
avery rapid change in plate 
current as described before in 
paragraph 4 of this chapter. 
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CHAPTER XIX 


Balanced Detectors 


1. The Balanced Detector is 
a circuit useful for detecting 
changes in frequency rather than 
changes in amplitude, or in mod- 
ified form to detect the beat 
produced by two varying frequen- 
cies. The former application 
is often used in automatic fre- 
quency control systems (AFC), the 
latter in the frequency modula- 
tion Radar system. Since the 
Balanced Detector is intimately 
associated with frequency mod- 
ulation or frequency variations, 
a brief discussion of modulation 
is in order. 


2. Modulation: Modula- 
tion is the process of altering 
a@ radio or carrier wave in ac- 
cordance with the intelligence 
to be transmitted. The nature 
of the intelligence is of little 
importance as far as the process 
of modulation is concerned; it is 
the METHOD by which this intell- 
igence is made to give a dis- 
tinguishing characteristic to 
the radio wave (which the receiv- 
er will convert back into intell- 
igence) that determines the type 
of modulation being used. In- 
asmuch as a high frequency sig- 
nal is characterized by its amp- 
litude, frequency, or phase, it 
can, be distorted or modulated by 
amplitude changes, by frequency 
changes, or by phase changes. 

It 18 possible, therefore, to 


produce amplitude modulation (AM), 


frequency modulation (FM), or 
phase modulation (P“). It is 
possible also for any two of the 
types of modulation to exist 
simultaneously or for all three 
types to occur. Normally, how- 
ever, only one type of modulation 
is desirable in any given systen. 
If the other two exist simultan- 
eously they areusually undesir-— 


able byproducts. 


For this reason in modulation 
and detection the elimination 
of the undesirable byproducts 
may be of as much importance 
as the system selected. 


3. Since phase modulation 
is similar in many respects to 
frequency modulation, the re- 
Maining references will involve 
FM arid AM only. 


- Unmodulated Carrier Wave 


Modulating Wave 


Resultant Modulated Wave 


Fig. 19-1: Amplitude Modulation 


4. Comparison of AM and FM 
Figure 1 represents an oscillo- 
gram of an RF carrier wave amp- 

itude modulated by & sine wave 
Of AF voltage. After modulation 
the resultant RF wave is observed 


~168- 


to vary about the zero axis at a 
constant rate as before, but the 
STRENGTH of the individual RF 
cycles is now proportional to 
the anplitude of the mdulatirg 
voltage. 


5. In Figure 2 is shown the 
same carrier wave frequency mod- 
ulated by the same modulating 
voltage. Here it may be seen 
that a modulation voltage of one 
polarity causes the carrier fre- 
quency to dgpcrease, as shown by 
the fact that the individual RF 
cycles of the carrier are spaced 
farther apart. 


Unmodulated Carrier Wave 


Modulating Wave 


tee tie , 
Ht ) 
ae / 

| 


} 
PT 


Resultant Modulated Wave 
Fig. 19-2: Frequency Modulation. 


A modulating voltage of the 

Oppce ite polarity causes an in- 
crease in the frequency of the 
carrier as shown by the RF c;cles 
being squeezed together allow- 
ing more of them to be completed 
in a given time interval. 


6. «a careful examination 
of Figure 2 will reveal that the 


amount of variation from the 
normal carrier frequency is pro- 
portional to the AMPLITUDE of the 
modulating wave. In frequency 
modulation practice this is termed 
“deviation” and should be inde- 
pendent of the frequency of the 
modulating wave. The frequency 

of the modulating wave does how- 
ever determine the RATE at which 
the carrier RF is varied. This 

in FM the desired intelligence’ 
(an audio frequency in this case) 
is superimposed upon the RF car- 
rier, the amplitude of the AF 
being expressed in terms of the 
extent of RF.carrier frequency 
variation and the AF frequency by 
the rate at which the RF is varied. 








Condenser 
Microphone 


Oscillator 


Fig. 19-3: A simple FM System 


7. Figure 3 illustrates a 
simple mechanical frequency mod- 
ulator similar in principle to 
that used in the FM Radar System. 
The grid RF oscillating circuit 
shown in this case largely de- 
termines the operating frequency 
of the oscillator. It is evident 
if any change is made in the value 
of capacity across the coil the 
operating radio frequency will be 
varied accordingly. <A condenser 
microphone or similar device is 


' cOnnected across the oscillatory 


circuit. Such a microphone is 
essentially a variable condenser, 
one plate being fixed, the other, 
a thin metal diaphragm, free to 


- vibrate in response to sound waves. 


Sound wave compressions will force 
the diaphragm closer to the sta- 
tionary plate, thus increasing 


the capacity across the coil and 


lowering the radio frequency. 
\ 
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Rarefactions, on the other hand, 
will force the diaphragm outward, 
lowering the circuit capacity 
and increasing the radio fre- 
quency. It follows that the 
greater the amplitude of the 
sound waves, the greater will be 
the RF oscillator frequency 

swing and the rate at which these 
frequency swings occur will cor- 
respond to frequency of the audio 
waves. 


&. Having impressed the 
desired intelligence (AF in this 
case) on the carrier by means of 
FM, the problem arisea at the 
receiver of separating that in- 
telligence from the RF carrier, 
Before considering any form of 
Balanced Detector, a very simple 
type of frequency detection will 
be examined, 


Detector 





Fig. 19-4: A Simple. FM Detector. 


-9. The simplest device for 
converting frequency variations 
into amplitude variations is an 
"off tune" resonent circuit, 
shown in Figure 4, 


10. The response curve of 
a simple FM Detector isa shown 
in Figure 5. With the carrier 
tuned in at point "A" a certain 
amount of RF voltage will be de- 
veloped across the tuned circuit, 
and, as the frequency is varied 
on either side of this frequency 
by the modulation, the RP voltage 
will increase or decrease to 
points "0" and "B" in accordance 
with the modulation. If the 
voltage across the resonant oir— 
cult 18 applied to an ordinary 
detector as in Figure 4 the de- 
tector output will vary in 


accordance with the modulation, 
the amplitude of the variations 
being proportional to the de— 
Viation of the signal, and the 
rate. being equal to the mod- 
ulation frequency. 

Operating 

Frequency 





Frequency 


Fig. 19-5: <A frequency Response 
Curve of an LC Circuit. 


It.is evident from Figure 5 that 
only a small portion of the 
resonance curve is usable for 
linear conversion of frequency 


variations into amplitude vari- 


ations, since the linear portion 
of the curve is rather short. 

In addition to this disadvantage 
the detector is not balanced, 
i.e., Only one rectifier is used, 
consequently the output will be 
dependent upon the signal level 
ae well as the frequency. As a 
reeult such a circuit will be 
susceptible to noise modulation 
of the carrier which may succeed 
in getting through the limiter, 
For these reasons this tyve of 
frequency detection is seldom 
used, the various forms of Bal- 
anced Detectors being much more 
satisfactory. — 


ll. Limiters in FM: Most 


FM detectors are preceded by 

one or more limiter stages. This 
part of the FM receiver is not 
found in the ordinary broadcast 
receiver. The limiter associated 
with the FM detector serves ta 
remove amplitude modulation asd 
pace on to the Balanced Detector 
a frequency modulated aignal of 
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point the output of the limiter 
will increase with an increase 

in signal. Above this point, 
however, the limiter becomsgs over- 
loaded, and further large in- 
creases in signal will not pro- 
duce any increase in output. To 
operate successfully, the limiter 
must be supplied with a signal 

of high amplitude, so that the 
amplitude of its output will not 
change for fairly wide variations 
in signal strength. Noise, which 
causes little frequency modula- 
tion but considerable amplitude 
modulation of the received signal 
is virtually eliminated in the 
limiter stage. This in part 
accounts for the superiority 

of FM performance, 


12. The Travis Discriminator: 
The first type of anced Dee 
tector to be discussed is often 
called the Travis Discriminator. 
The word, discriminator is as- 
sociated with some Balanced de- 
tectors because it discriminates 
bet~reen signals of different fre- 
quencies. 





Fig. 19-6: The Travis Discrin- 


inator,. 


13. fn the discriminator 
shown in Figure 6 two tuned cir- 
cuits are used, one being tuned 
on each side of the If amplifier 
frequency, and with their reson- 
ant frequencies spaced slightly 
more than the expected trans- 
mitter "swing apart", Obviously 
as the frequency varies on either 
side of resonance a greater 
Signal will be applied to one 
diode than the other enabling 
the one to produce a greater DC 
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voltage than the other. If both 
signals are equal, as is the case 
at the "center" frequency, the 

DC output will be zero volts, 
since the two series voltages 

are equal and opposite. If the 
voltage impressed on the upper 
diode is greater than that in- 
pressed on the lower diode the 
output of the discriminator will 
be negative, if less, the output 
will be positive. Thus the 
voltage appearing across the 
series load resistances will be 
an audio voltage corresponding 

to the FM signal modulation, and 
may be applied to an audio amp- 
lifier. The Travis Discriminator 
like other Balanced Detectors 
cancels or balances out undesir- 
able amplitude modulation at its 
center of "balanced" frequency. 
This is true since at that fre- 
quency the changes in amplitude 
are applied equally to both 

tubes resulting in equal increases 
or decreases of the opposing 
voltages across the load resist- 
ances, but since these voltages 
are equal and opposite, they will 
at all times cancel out. However, 
as the frequency swings away from 
the balance point this relation 
no longer holds true, hence the 
necessity for a limiter stage 
preceding the Balanced Detector 
to insure that all amplitude 
variations are clipped from the 
FM carrier. This type of dis- 
criminator was used extensively 
at one time but being difficult 
to align has lost preference in 
favor of the phase shift type 
discriminator. (Foster-Seeley) 


criminator: e analysis o @ 
scriminator shown in Figure 7 
is as follows: With the applied 
frequency some value to which 
both primary and secondary are 
resonant, the voltage appearing 
across the secondary (E) plus 
E2) will be 90 degrees out of 
phase with the primary voltage 
E,- This follows from the fact 
that the secondary at resonance 
reflects only a resistance to 


the primary. = 
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Consequently the current through 
the primary inductance will be 
90 degress out of phase with the 
applied voltage. 





Fig. 19-7: 


The Foster-Seeley 
Discriminator. 


The induced voltage in the sec- 
ondary circuit isagain 90 de- 
grees out of phase with the 
primary current, and finally the 
voltage across the secondary 
tuning capacity is 90 degrees 
Out.of phase with the secondary 
current, which is in phase with 
the induced voltage. The re- 
sultant of these four relation- | 
ships is a total shift of 90 
degrees between primary and. sec- 
ondary voltage at resonance. 


15. Since one side of the 
primary is connected to the cen- 
ter of the secondary, the primary 
voltage acts in seriee with one- 
half of the secondary voltage on 
one diode, and in series with the 
other half on the other diode, 
Thus the resultant Voltage on 
each diode is the vector eum of 
two voltages in phase quadrature 
at resonance. On one diode the 
secondary voltage leads the 
primary voltage by 90 degrees 
as viewed from the diode, on the 
Other it lags. If ve assume, 
for the purpose of illustration, 
that the primsry voltage equals 
the total secondary voltage, the 


voltage on each diode at reson- 
ance would then be approximately 
1.12 times the primary voltage 
(square root of the sum of the 
squares of Vp and Vp/2). 


16. Ae the frequency de- 
parts from resonance the second- 
ary voltage also departs from 
this 90-degree phase relation- 
ship with the primary, approach- 
ing either zero or 180-degree 
phase shift with respect to the 
primary applied voltage, de- 
pending upon which way the fre- 
quency shifts. In this event the 
voltage in one half of the sec- 
ondary will approach an in-phase 
relation with the primary voltage 
while the voltage of the other 
half approaches phase opposition, 
If carried far enough one-half 
of the secondary would ultimate- 
ly be directly additive to the 
primary, whereupon the voltage 
Co. to that diode would be 

mag oe other diode 

world have applied to it. 
Another a tae nters here how- 
ever, in that the primary voltage 
falls off as the frequency varies 
from the resonant point. Aga 
result the voltage applied to 
one diode will increase at first 
as. the frequency is changed due 
to the phases of the two com 
ponent voltages approaching 
equality, reaching a peak value, 
then will decrease as the fre- 
quency is changed further. Simul- 
taneously the voltage across the 
Other diode will be decreasing, 
consequently the DC voltage across 
the two diode leads connected in 
series will vary through zero to 
plus or minus as the frequency 
is veried, developing an audio 
voltage corresponding to the mod- 
ulation which is passed on to the 
amplifier.stage. This type of 
peace uaa has the highest 

ree of sensitivity since the 

put is obtained as the differ- 

SEee between two equal and quite 
large voltages, so that relatively 
small variations in these voltages 
result in considerable outputs. 
Also, since the output at balance 


‘48 zero this system is not res- 
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ponsive to amplitude modulated 
noise when no modulation is pre- 
sent. Bear in mind, however, that 
when modulation occurs the fre- 
quency swings away from the bal- 
ance point, and then the out;jut 
depends upon the anplitude as well 
as the frequency of the applied 
Signal. Unless a limiter system 
is used, amplitude (noise) mod- 
ulation will make its presence 
known. 


Controlling voltage 





17. Automatic Frequency Con- 
trol: One of the most tacortant 
applications of the discriminator 
type of Balanced Detector in RADAR 
at present is that of Automatic 
Frequency Control (AFC). In 
microwave Radar equipments a super- 
hetrodyne type of receiver is em- 
ployed. To operate at its max- 
imum sensitivity the frequency 
difference between received Signal 
and local oscillator must remain 
constant otherwise the beat fre- 
quency produced will not be the 
same as that to which the IF am- 
plifier stuges are tuned. The 
local oscillator used in these 
equipments is usually ore em- 
ploying the Klystron principle. 
(See Chapter Ix). Its frequency 
of operation can be varied to some 
extent by changing the voltage 
applied to its repeller element. 

A Balanced Detector is employed 

to make use of this property of | 
the Klystron. This detector is an 
addition to the circuit and does 
not replace the normal super- 
hetrodyne detectors. It is 
supplied with part of the output 
signal from the IF stages and is 
so tuned and adjusted that no 
output voltage is produced as long 
as the signal fed to it is 

"on" the IF frequency. In other 


AFC Block Diagran. 


words it is balanced at that fre- 
quency. If, however, the fre- 
uency of either the transmitter 
which determines the frequency 
of the return echo signal) or 
the Klystron local oscillator in 
the receiver tends to drift, the 
Balanced Detector is no longer 
balanced and produces a DC voltage 
at its output, the polarity of 
this voltage depending on the 
direction of frecuency drift. 
This DC voltage is amplified by 
a DC amplifier and in turn applied 
to the repeller of the Klystron,. 
Its polarity and amplitude is so 
adjusted thet it exercises 
just sufficient control to bring 
the Klystron to whatever frequency 
is required to maintain the cor- 
rect frequency difference between 
the local oscillator and the 
transmitter. Thus it is possible 
to compensate within limits for 
frecuency drift of either the 
transmitter or the local oscil- 
lator. 


18. Balanced Detectors in 
Frequency Modulation Radars: 
In the frequency-modulation 
Radar system, the carrier fre- 
quency of the RF energy is con- 
tinuously varied, in periodic 
fashion, swinging from a high 
frequency to a low frequency and 
back again at a rapid rate. 
Since there is a finite delay 
between the transmission of the 
RF energy and its reception from 
the target, the received signal 
in general has a different car- 
rier frequency from that then 
being transmitted. The frequency 
difference, moreover, is pro- 
portional to the time required 
for transmission to ana reflec- 
tion from the target. In the re- 
ceiver, the two carrier fre- 
quencies are combined and the 
beat frequency between them is 
detected. The presence of the 
beat note reveals the presence 
of the target, and the frequency 
of the beat note indicates the 
time difference between the 


transmission and reception. 
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19. The FM Radar Balanced duced by the two frequency mod- 
Detector: To detect the in- ulated sghgnals, one transmitted 
etantaneous beat frequency pro- earlier and now being received 
as an echo at the instant that 
the other is being transmitted, 
@ special type of Balanced De- 
tector is employed. An approxi- 
mately equivalent circuit of 
this detector using lumped con- 
stants is shown in Figure 9. 
Detaile of the operation of this 
circuit will be taken up in the 
study of the Absolute Altimeter, 
This detector, in common with 
the othex types of Balanced De-. 
| tectors, is "balanced" to min— 
Fige 19-9: The FM Radar Bal- imize undesirable amplitude 
anced Detector. modulation. 
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CHAPTER XX 


COUNTING CIRCUITS 


le. A counting circuit is 
one which receives uniform pul-= 
ses, representing ‘units to be 
counted, and produces a voltae 
in proportion to their frequency. 


2. In severel instances 
in Rader equipment it is nece 
essary to control 9 circuit by 
a change in the frequency of the 
input voltage to thet circvit. 
For instance, it might be de- 
sirable to operate some indica- 
ting device, such as a meter, so 
thet a change in frequency of 
the signal applied would cause 
a change in the reeding on the 
meter. In this case a counting 
circuit which could respond to 
a change in the number of pulses 
per unit of time would perform 
the required sction. 


3. - In sddition to causing 
a chonge in a. voltaze level for 
a change in frequency “he count- 
ing circuit, wit:: a few changes, 
can be made to supply a trizger- 
ing voltage to some sensitive 
circuit, such as 8 blocking 
oscilletor, et 9 submultiple of 
the frequency of the pulses 
sorlied to its input. This is 
quite useful in equipment where 
it is desired to operste one 
pert of the circuit at a funda- 
mental frequency end another 
pert et a subharmonic of that 
frequency. 
COURTING 


POSITIVG O: NEGAL IVE. 


4. Positive Countin; ; 

Thre primery requirement in a 
countin,, circuit is thet all the 
pulses enterin; the counting 
Giode be of te same amplitude 
and time dauretion. if these 
recuirements sre not met then 
the effect which each pulse will 


have on the circuit will be dif- 
ferent and the purpose of the 
counter will not be accomplished. 
In this chapter the shaping and 
limiting to equal amplitudes of 
the pulses will not be covered, 
since the explanations of limit- 
ing and differentiating ere to 
be found elsewhere in this man- 
ual. (See Chapters III and_ XII) 
Suffice it to say that the pul- 
ses arriving st the counter are 
the same in all respects, re- 
gardless of a chsenge in fre- 
quency. 


5S. In Figure 1, if posi- 
tive pulses sre applied to the 
plate of diode Vy a current flow 
will result through its cathode 
load resistence and from cathode 
to plete. 





Fig. 10-1: Positive Counter.- 
Considering one cyclg of-oper- 
ation, since the leadin. edge of 
the pulse is soin; positive the 
Giode V, will conduct an 
will flow through the resistance. 
Thus the coupling, condenser be- 
comes slightly charged due to the 
fact that electrons were removed 
from one plate ana sdcded to the 
other. Now the trailing edge of 
the pulse causes the diode Vo to 
conduct (since the negstive: going 
voltage on its cathode acts an 
the same manner as would a posi- 
tive voltage on its plate) and 
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the condenser is discharged from 
its slightly charged condition. 
This second diode is necessary 

to keep the condenser from charg- 
ing up to a value where a positive 
pulse would cause no effect on 
diode Vj. 


6. Referring to Figure l, 
it is apparent that since a 
certain amount of current flows 
through the load resistance and 
diode V, each time a pulse is 
applied, an average current 
flows which will increase as the 
frequency increases, and vice 
versa. The IR drop across the 
load resistor is of: such a po- 
larity that the top of the re- 
sistance is positive with res- 
pect to ground. This voltage 
can be used to cmtrol a fol- 
lowing circuit such as is 
showm in Figure 2. The filter in 
the grid circuit will aid in ob- 
taining smooth operation and 
freedom fram too rapid changes. 





Fig. 20-2: Circuit Controlled 
By Positive Counter. 


The voltage from the counter cir- 
cuit willrise with an increase 

in frequency, causing the con- 
trolled tube V2 to draw more cur- 
rent. If some indicating device, 
such as a meter, is inserted in 
the tube circuit so that the 
tube's current flows through it 
also, then a direct indication 
will be given every time a change 
in frequency occurs at tie input. 
It should be realized at this 
point thet the system just des- 
cribed is useful for detecting 
Slow changes in frequency and 

not rapid variations vhich could 


not be followed by a meter. 


7. l.egative Tounting: By 
simply reversing, the connections 
to tis two diodes in Figure l, 
the counter can be made to respond 
to the negative going pulses. 

This then will produce an opposite 


effect ou ths circuit as shown in 
Figure 3. 
Vi ‘ 
—_{ = 
VY 2 
> 


Fig. 20-3: Uegatvive Counter. 


That is, an increase in frequency 
will still cause an increase in 
average diode current but the 
current flow will be in such a 
direction as to make the top of 
the resistance negative with res- 
pect to ground. ‘This would cause 
the current in a sontrolled tube 
to decrease with an increase in 
frequency giving; an opposite 
indication to that of positive 
cointing. 


STzaP BY ofEP COULTI.G 


8. The step by step method 
of counting is similar to that 
already ciscussed except that no 
load resistor for the diode is 
used and a condenser is inserted 
in its place. In operation, 
pulses are applied, as shown in 
Figure 4, causing the ciode Vj) 
to ccrduct. 





Fig. 20-h: Step by Step Counter 
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Each time the diode conducts iw 
increases slightly the charge on 
the condenser in its cathode 
circuit. The conducting diode 
removes electrons from the con- 
denser plate which is tied to 

the cathode so that the step by 
step waveform as shown in Figure 
4 appears at the cathode. The 
condenser ise actually charged up 
in steps since there is no path 
present through which it can be 
discharged between pulses. Now 
if the circuit were left as it is 
in Figure 4, as soon as the cath- 
ode condenser reaches a charge 
equal to the amplitude of the in- 
put pulse the diode would cease 
to conduct since the voltage on 
the cathode would equal to the 
voltage appearing on the plate. 


9. If a sensitive circuit, 
such as the single cycle blocking 
oscillator, shown in Figure 5, 
is connected to the output of the 
counter it can be triggered or 
"kicked off" when the voltage 
across the cathode condenser 
reaches the correct value. Thus 
the counter may have a frequency 
ef 1000 cycles applied to its 
input and the blocking oscillator 
may be triggered at one fourth 
(250. cycles) of that frequency 





Blocking Oscilitor 
Triggered by Counter. 


or at any. other subnarmonic. 
The particular step of the 


output voltage which triggers 


the oscillator may be deter— 
mined by adjusting the bias 

on the cathode of the oscillator 
tube so that more or less steps, 
which is to say, fundamental fre- 
quency pulses, may be required 
to trigger the circuit. When 
the oscillator does start its 
cycle of operation the grid is 
driven positive so that the grid 
current which flows quickly dis— 
charges the counter circuit con- 
denser. (See Chapter V) It 1s 
then ready to be recharged in 
steps to trigger off the oscil- 
lator agein. 
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APPENDIX A 


DICTIONARY OF CLASSIFIED TERMS 


at INDICATOR: <A type of RADAR 
Indicator in which the sweep 

wave is applied to the horizontal 
deflecting elements of a cathode 
ray tube having a short persist- 
ance screen. The signal from the 
reflecting object is applied to 
the vertical plates. The range 
of the reflecting object can be 
measured in terms of the dis- 
tance from the start of the sweep, 
or from a permanent blip caused 
by the transmitted pulse, to a 
signal blip, caused by the echo. 


—_————__SS 
Range 


ANTI-HUNT CIRCUIT: A circuit in 
which a portion of the output 
voltage of an amplidyne generator 
(mechanical amplifier), which is 
used to drive a rotating antenna 
system, is fed back into the in- 
put circuit in such phase and 
magnitude as to prevent the an- 
tenna from oscillating about any 
position. 


ANTI-TR BOX: Part of the duplex- 
Ing system in certain RADAR 
equipments which presents high 
impedance to the return signal 
looking toward the RF oscillator. 


ARTIFICIAL TRANSMISSION LINE: A 
network composed o umped con- 
stants which can be used to in- 
troduce a time-delay or to form 
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an accurately timed pulse. -It 

is similar to an ordinary trans- 
mission line with its own in- 
ductance and distributed capacity. 
Sometimes called pulse forming 
network or delay line. 


Input 
Artificial Line 


Output 


Output 





Guillemin Type Line 


AUTOMATIC GAIN STABILIZATION: 

A circu use n certain 
equipments and in certain RADAR 
beacon systems which serves to 
maintain optimum sensitivity of 
the superregenerative receiver 
tube. The gain of the tube is 
controlled so that noise pulses, 
characteristic of a superregen- 
erative receiver, are held to a 
constant level, yet permitting 
good response to weak received 
signals, The system thus pre- 
vents random noises from trig- 
gering the automatic transmitter 
associated with the receiver, 


BALANCED DETECTOR: A circuit 
usefu or detecting changes 

in frequency or phase rather 
than changes in amplitude. The 
difference in tube load current 
in the useful feature of the 
circuit. The load current flow- 
ing in each tube is in propor- 


tion to the magnitude of the re- 
sultant voltage on that tube. 
Fig. (a) is designed to detect the 
beat produced by mixing two vary- 
ing frequencies at the input. 
Pig. (bd) 18 commonly preceded by 
@ limiter stage to remove any an- 
plitude modulated component and 
when so operated is usually call- 
ed a diecriminator (particularly 
for automatic frequency control 
circuits). 





BASE OSCILLATOR: 
OSCILLATOR. 


'B' INDICATOR: A type of RADAR 
indicator in which azimuth is 
presented as a horizontal de- 
flection of the cathode ray beam 
and range as a wertical deflec- 
tion. is is accomplished by 
applying a sawtooth wave to the 
vertical deflection elements of 
the cathode ray tube, and connect- 
ing the horizontal deflecting 
elements to the output of a po- 
tentiometer which is arranged to 
turn with the horizontal motion 
of the antenna. The vertical 
scanning begins as the pulse is 
transmitted. When an echo signal 
is received the output of the re- 
ceiver intensity-modulates the 


See REPETITION 


tube, causing a bright spot to 
appear on the tube screen. The 
horizontal position of this spot 
corresponds to the azimuth of the 
target, and the distance verti- 
Cally above the base line shows 
the range. The indicator bril- 
liance can be turned down so that 
the trace lines do not appear, 
while the bright spots caused by 
echoes are clearly visible. 


Range 





PCa (nt tde ang FU8 UNARa pagy a PEES ang gt Watt repertory 


Azimuth 


BLANKING VOLTAGE: See INDICATOR 
GATING. 


BLOCKING SoTL ATR An oscil- 
ator running freely or controlled 
by a synchronizing voltage, which 
cuts itself off after one or more 
cycles by the flow of grid current 


charging the grid capacitor. 


C Be 





| 


Single Cycle. 





B+ 


RF Pulse 





grid or cathode of the cathode ray, . 
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BUNCHER: An input resonant cavi- 


ty which forms a part of the con- 


Si 





amp 


ventional Klystron oscillator 


(not reflex Klystron). See KLY- 


STRON. 


'C* INDICATOR: A type of RADAR 
cator which shows the target 


signal as a bright spot with azin- 


uth plotted horizontally and 


elevation plotted vertically. No 
indication of range is given in 
this type of picture. 


1s 


Ele- 
vation 


a rin 
Azimuth 


CALIBRATION MARKER: See RANGE 
MARKER. 


CATCHER: 


The second, or output, 
resonant cavity in the conven- 

tional Klystron oscillator (not 
reflex Klystron). See KLYSTRON. 


CATHODE COUPLED AMPLIFIER: An 
er t ts load pedance 
in the low voltage (to ground) 
side of the circuit rather than 
in the plate or high voltage part 
of the circuit. Its input is be- 
tween grid and cathode instead 

ot between grid and ground as in 
a cathode follower. It amplifies 
the input wave without inverting 
its polarity. 


Be 


Input 


Output 


CATHODE FOLLOW3R : 


ative vacuum tube circuit in 
which degeneration is produced 


by an unbypassed cathode resistor 
the output being taken across 
this resistor. This circuit is 
essentially an impedance match- 
ing device with less than unity 
voltage gain but possessing some 
power gain. The high input inm- 
pedance and very low output in- 
pedance render it particularly 
Suitable for coupling between 
pulse generating or pulse trans- 
mitting stages and transmission 
lines or circuits whose shunt 
capacities might otherwise cause 
objectionable effects. The out- 


A degener- 


put of a cathode follower is 

of the same polarity, and there- 
fore 'follows' the Paput grid 
voltage. 





CAVITY RSSONATOR: See RESONANT 
CAVITY 
CENTERING DIODE: A clamping 


circuit use n some types of 
PPI indicators. (See CLAMPING). 


CENTIMETER LOCAL OSCILLATOR: 
Any of sever ypes of reflex 
Klystrons or lighthouse tubes 
used as RF or IF conversion 
oscillators. 


Cee TER MIXER: A circuit for 

g the cen eter local os- 
aliiator signal with the retum 
echo signal to produce the in- 
termediate frequency (in@luding 
grounded gridtriodes and crystal 
mixers). 


CIRCULAR (TIME BASE) SWEEP: A 
circular sweep Obtained on the 


screen of a CRT by the applica- 
tion 


of two sinusoidal voltages, 90 
degrees out of phase, to two sets 
of deflecting plates. The signal 
may be used to amplitude modulate 
or deflect the CRT beam to give 
the desired indication. 


CLSMPING: <A circuit which clamps 
either amplitude extreme of a 
waveform to a given reference 
level of potential. 





Grid 
Clamping 
B+ 





Synchronized 
Clamping 


CLIPPER: 
COLINEAR ARRAY: An antenna hav- 


ing a series of half wave ele- 
ments excited in phase 


fon po | 


sitet Nil cies 


Stub Stubs 








ee 


CONICAL SCAN: <A type of scan- 
ng in which the antenna lobe 
is made to describe a conical re- 
volution. This may be used with 
@ PPI type scope but does not 
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give a PPI indication. 


Lobe 


Antenna 


CONTROL CENTRAL: In RADAR, a 
generic term for a combination 

of circuits and associated equip- 
ment in one unit providing the 
following: triggering pulses, 
sweep circuits, intensifier pulses, 
gating voltages, blanking voltages, 
and power supplies. 


COUNTER CIRCUIT: A circuit which 
recelves uniform pulses represent- 
ing units to be counted and proe 
duces a voltage in proportion to 
their frequency. 


'D' INDICATOR: <A type of RADAR 
ndicator which combines type B 
and C pictures. The signal appears 
as a bright spot (intensity mod- 
ulated) with azimuth plotted hori- 
zontally and elevation plotted ver- 
tically. Range is also approx- 
imated, being plotted vertically 
with elevation. 
Elevation 
(and 
range, 


Signals roughly) 


Azimuth 


DCR (DIRECT CURRENT RESTORATION) : 
See C C ° 


DC AMPLIFIER: <A type of amplifier 
used for amplifying direct current 
or voltage, usually containing fre- 
quencies not in excess of a few 
cycles per second, i.e., so low 
that it is necessary to design the 
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amplifier to respond to zero 
frequency also. 


DECOUPLER: A part of the duplex- 
ing assembly used in RADAR equip- 
ment. The decoupler is used to 
decouple the transmitter from the 
receiver when the former is in 
operation. <A decoupler together 
with a REPROD, forms a DUPLEXER. 


DF (DIRECTION FINDING): Gener- 

y refers to radio direction 
finders. It is also used some- 
times by the British for RADAR 


instead of RDF. Sometimes writ- 
ten D/F. 


DIFFERENTIATING AMPLIFIER: A 
storting amp er, commonly 
used in pulse systems, the func- 

tion of which is to form short 
narrow pulses from more extended 
rectangular waves. The differen- 
tiating amplifier is essentially 
a capacitively coupled video amp- 
lifier, employing an RC or LR 
differentiator in either its grid 
or plate circuit. Sometimes 
called a sharpening or shaping 
amplifier. 


DIFFERENTIATOR: A circuit which 


produces an output voltage sub- 


stantially in proportion to the 
rate of change of the input volt- 
age or current. Differentiating 
circuits employ very short time 
constants compared to the time 
duration of the pulse. 


of 


.RC Differentiator 


A=5 


L/R Differentiator 


DIPLEXER: <A coupling system 
which allows a RADAR and a conm- 
munication transmitter to operate 
simultaneously or separately from 
the same antenna = not to be con=- 
fused with the DUPLEXER. 


DISCRIMINATOR: The combination 
of a tuned circuit and detector 
for a demodulation of frequency 
modulated waves. (See BALANCED 
DETECTOR). 


DRIVER: A circuit which, when 
triggered, is designed to drive 
a modulator with a rectangular 
pulse of accurately timed width. 


DUPLEXER: In RADAR - the cir- 
cult element which effects a mis- 
match in the receiver trans- 
mission line when the RF oscil- 
lator is firing, and which re- 
stores matching to the receiver 
transmission line during the 
period that the oscillator is at 
rest. The function of the cir- 
cuit is to prevent overloading 

of the receiver by the transmitt- 
ed pulses. (See TR BOX, TR CAVITY 
ANTI-TR BOX, REPROD, AND DE- 
COUPLER). 


DUTY CYCLE: The percentage of 

the total time of a complete cycle 
which is represented by the trans- 
mitted pulse. For example, a 2 
u.sec. pulse, rapetition rate of 
500 cycles, the time of one cycle 
is 2000 u.sec. and the duty cycle 
is 2/2000 or .1%. 


‘ke INDICATOR: <A modification of 
type NDICATOR. The signal 
appears as a bright spot with 
range plotted horizontally and 
elevation plotted vertically. 


Signal Elevation 


Range 


ECCENTRIC TUNER: <A variable im- 
pedance transformer for matching 
the impedance of the RF oscillator 
to the impedance of the trans- 
mission line. There are two ad- 
justments, one for impedance 
matching and one for presenting 

a reactive component to balance 
out the reactive component of the 
RF oscillator. fhevtuner is often 
called an IMPEDANCE TRANSFORMER. 


ECHO: The reflected RF pulse 
which returns to the trans- 
mission point. 


ECHO SPLITTING: In certain RADAR 
equipments, the echo return is 
split, and appears as a double 
indication on the screen of the 
RADAR indicator. This splitting 
is accomplished by special elec- 
tronic circuits, associated with 
the antenna lobe switching mechan- 
ism. In use the antenna is ro- 
tated until the two echo indica- 
tions are the same height, which 
indicates correct bearing. (See 
'K' INDICATOR). 


EXPANDED SWEEP: A type of sweep 
circ n which the midportion of 
the trace is made more rapidly 
than the trace at the two extren- 
ities. Because the trace is more 
rapid in the midportion section, 
Signals occurring at a fixed per- 
fodic rate and applied to the 
Signal plates will appear spaced 
farther apart in that portion of 
the sweep than at the ends, hence 
the midportion section is said to 
be 'expanded'. Expanded sweep 
permits taking precise readings 


without limiting the total range 


coverage shown on the screen of 
the indicator. (Note: the term 
"expanded sweep’ may also, in 

Some cases, be applied to systems 
in which the length of time re- 
required for the visible trace is 
decreased, without providing for 
expansion of the midportion of the 
scale). 


Slow 





‘Fast } 





Sweep 
Voltage 
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Type of Scan Produced 


*F* INDICATOR: A type of RADAR 
ndicator which a single sig- 
nal, only, appears as a bright 
spot. Azimuth angle error is 
plotted horizontally and elevation 
angle error is plotted vertically. 
Cross hairs on the indicator facé 
permit bringing the system to bear 
on the target. 
Elevation 

Signal 


Azimuth 
See RETRACE. 


'G*' INDICATOR: A type of RADAR 
ndicator which a single sig- 
nal, only, appears as a bright 
spot subtended by wings, which 
grow as the distance to the tar- 
get is diminished. Azimuth angle 
is plotted horizontally and ele- 
vation is plotted vertically. 
(Referred to sometimes as 'Mark 


FLYBACK : 


VI INDICATOR and as 'SPOT ERROR 
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Signal Elevation 


Azimuth 


GATING OR GATE VOLTAGE: A pulse 
whic s use o sensitize a cir- 
cuit over that portion of the cy- 
cle during which operation is de- 
sired, or to desensitize that 
circuit over those portions of a 
cycle when operation is not de- 
sired. Also called BLANKING 
PULSE. 


GHOST SIGNALS: Signals appear- 
ng on the screen of the RADAR 
indicator, the cause of which 
cannot readily be determined. 


GRASS: Random interference caused 
primarily by circuit noises, such 
as thermal agitation. The inter- 
ference appears as closely spaced, 
sharp pulses on the sweep of any 
amplitude modulated or deflection 
type scope picture. On an inten- 
sity modulated scope the inter- 
ference will sometimes give a 
‘sandpaper' effect picture. If 
the equipment is operating pro- 
perly the level of the ‘grass' 
voltage will be substantially the 
same for the whole cycle, and not 
sufficiently great to cause bad 
interference to eohoes from tar- 
gets within range. 


GRID PULSING: A circuit arrange- 
ment of the oscillator in which 
the grid of the oscillator is 
biased so negatively that no osci- 
lation takes place even when full 
plate voltage is applied through 
the tube, and pulsing is accomp- 
lished by removing this negative 
bias through the application of a 
positive pulse on the grid. 
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‘Ht INDICATOR: A type of RADAR 
ndicator which is a modifica- 
tion of type 'B' indication. 
The signal appears as a bright 
line, the slope of which is 
proportional to the sine of the 
angle of elevation. Azimuth 
is plotted horizontally with 
range plotted vertically. 


Range 





Azinuth 


HORN: <A type of radiator, made 
In the shape of a horn and 
attached to a wave guide. Used 
to direct the radiation from a 
waveguide, 


‘T* INDICATOR: A type of RADAR 
Indicator used to indicate 
range and direction with a con- 
ically scanning antenna. The 
signal appears as a bright cir- 
cular segment with radius pro- 
portional to range. The cir- 
cular length of the segment is 
inversely proportional to the 
error of aiming. The system 
and its position indicates the 
bearing of the target. True 
aim results in a complete cir- 
cle. This referred to sometimes 
as RTB or broken circle indica- 


Signal Elevation 
Target 
above Range 
and to 
the left 


Azimuth 


IFF( IDENTIFICATION, FRIEND OR 
i): neric term applie oO 
equipment used for recognition 
or identification of ships or 
aircraft detected by RADAR. 


INDICATOR GATING: Applying a 
voltage to the grid or cathode 
circuit of an indicator cathode 
ray tube to sensitize or desensi- 
tize it during the desired por- 
tion of the operating cycle. 


INITIAL PULSE: The transmitted 
pulse in RADAR. Also called 
DIRECT PULSE,. MAIN BANG, etc. 


INTEGRATING CIRCUIT: One which 
sums up, Or produces an output 
voltage substantially in propor- 
tion to the frequency and ampli- 
tude of the input pulses. 


ow 
penne 


RC 


LR 


INTENSITY MODULATION: A method 

of signal indfcation on a cathode 
ray tube used in certain types 

of RADAR indicators, such as 

class B, C, PPI, etc. With in- 
tensity modulation, the grid or 
cathode of the CRT is connected 
to the output of the final video 
amplifier, so that the bias on the 
tube decreases when an acho signal 
is received, With the CRT ordi- 
narily biased so that there is no 
visible trace, the decrease in 
bias results in the appearance of 
a bright spot on the screen which 
serves in lieu of an echo signal 
blip. 


INTERROGATION SIGNAL: The signal 
sent out by an nterrogator 

to a ship or aircraft whose ident- 
ity is unknown, 


INTERROGATOR: A unit in the ree 
cognition system which consists 
of a transmitter and receiver 
operating on IFF frequencies and 
synchronized with some type of 
RADAR search equipment. The re- 
ceiver is designed to receive the 
signal from the IFF equipment on 
the ship or plane interrogated 
and apply that signal to the 
RADAR indicator. 


*y' INDICATOR: A type af RADAR 
Indicator which is a modification 
of type 'A' indicator. The sweep 
provides a circular range scale 
near the circumference of the 
cathode ray tube. The signal 
appears as a radial deflection 

of the sweep. No bearing 
indication is given. 


Transmitted 
pulse 





‘Kt INDICATOR: A modification of 
type ndication, used for 
aiming a double lobe antenna sys- 
tem in azimuth or in elevation, 
When used for the former, a hor- 
izontal time sweep is displaced 
slightly in the direction of the 
antenna lobe in use. The signal 
appears as a double vertical de- 
flection of the sweep with the 
ratio of the amplitudes indi- 
cative of the error in aiming. 
When used for aiming a double 
lobe antenna in églevation, a ver- 
tical time sweep is displaced 
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x 


vertically slightly in the dir- 
ection of the antenna in use, and 
the signal appears as a double 
horizontal deflectia of the 
sweep with the ratio of the amp- 
litudes indicative of the error 
of aiming. 


(See ECHO SPLITTING) 


Signal from 
left lobe 





Signal from 
right lobe 


YSTRON (SPERRY GYROSCOPE CQM- 

: ype o 
oscillator or amplifier sometimes 
used in connection with receptim 
of RADAR signals at microwave 
lengths. The Klystron is a de- 
vice for converting DC energy 
into radio energy by alternately 
Slowing down and speeding up an 
electron beam, utilizing the 
transit time between two points 
to produce an alternating current 
which delivers power to cavity 
resoator. The term Klystron is 
applicable to an ultra-high fre- 
quency amplifier or generator 
that uses the buncher principle, 
1.e., velocity modulation and 
drift distance, with one or more 
cavity zesonators to produce and 
use a velocity modulated beam of 
electrons. An electron gun, sim- 
ilar to those in cathode ray 
tubes, furnishes a beam of elec- 
trons with a uniform average ve- 
locity beyond the anode plane or 
"smoother grid’. A radio fre- 
quency field between the grids of 
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the first resoator, usually 
called the ‘buncher', modi- 
fies the velocity of the elec- 
trons passing these grids. The 
electrons which have been speeded 
up by the buncher overtake, in 
the drift space beyond the bunch- 
er, the electrons which left the 
buncher earlier but were slowed 
down during the previous half 
cycle. Aga result, the beam 
current between the grids of the 
second or 'catcher' resonator is 
pulsating or bunched, and if the 
second resonator is tuned to the 
bunching frequency the beam will 
ddliver power to the catcher. 
Coupling to the resonator is ob- 
tained with small wire loops 
which lead to the coaxial ter- 
minals, sometimes referred to 

as ‘antenna seals’. 


REFLEX KLYSTRON: In a reflex 
Klystron e operation is essen- 
tially the same except that the 
electrons which pass on through 
the second grid of the single 
cavity resonator are repelled 

by a plate with a negative po- 
tential on it so that the elec- 
trons make several trips back- 
ward and forward through the 
grids before they give up their 
power to one of the grids. The 
electrons must be repelled so 
that they arrive on the grids 

at ths proper instant or in the 
proper phase relations to give aid 
to the oscillations. Thus the 
negative potential on the repel- 
ler plate can be varied to change 
the power output since if they do 
not: arrive on the grid in pro- 
per phase relation the oscilla- 
tions are not as strong. The 
cavity can be warped in some 


types of reflex Klystrons or may 
have variable tuning plugs in the 


cavity which are used for chang- 
ing the frequency. The repeller 
phate voltage adjustment gives a 
vernier control of frequency for 
tuning. (See MCNALLY OSCILLATOR) 


KNOCKER: A Subassembly in KADAR 
equipment, comprising synchro- 
nizing and triggering circuits. 
The knocker is used to drive the 
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RF pulse generating eyuipment in 
the transmitter and to synchro- 
nize the cycle of operation in 
range units and-range indicatcrs 
with the transmitted pulse. 
Knockers generate steep sided 
pulses. 


1L' INDICATOR (ASV, ASE, ASB): 

A type of RADAR indicator which 
is a modification of type 'A*t in- 
dication, used for aiming a dou- 
ble lobe antenna system is azi- 
muth or elevation. When used for 
azimuth aiming a vertical sweep 
indicates range.- The signal from 
the left lobe appears as a hori- 
zontal deflection to the left, 
the signal from the right lobe 
appearing as a horizontal deflec- 
tion to the right. The ratio of 
signal amplitude is indication 

of the error of aiming. When 
using for aiming a double lobe 
antenna system in elevation, a 
horizontal sweep is used for in- 
dicating error of ain. 


Target to 






Azimuth Aiming 


tion Scale 





Elevation Aim 
ing 


LAND RETURN: Deflection of the 
Sweep or trace in a RADAR indi- 
cator, caused by reflection of 
transmitted pulses from the land. 


LAWNMOWER: <A type of RF pre- 
amplifier used in conjunction 


with the receiver of the FC/FD 
RADARS, so called because use of 
the preamplifier cuts down on 
the level of the ‘grass on the 
indicator screen. 


LIMITER: <A circuit which limits 
or clips either or both the posi- 
tive or negative portion of a 
waveform at a predetermined level. 


LOBE (of an antenna): A two or 
three dimensional polar represen- 
tation used to indicate the dis- 
tribution in space of antenna 
field strength intensities. The 
field intensity at any given angle 
is in proportion to the radial 
distance from the point of origin 
to the curve of the lobe pattern 
at that angle. 

Maximum Field Intensity 





* Ml’ INDICATOR : 


A type of RADAR 
Indication which is a modifica- 
tion of type ‘A' indication, used 
for accurate range finding. A 
horizontal sweep is displaced ver- 


tically by a step voltage. The 
signal appears as a vertical de- 
flection of the sweep- An aux- 
iliary device for controlling the 
phase of the signal or the step 
is used to bring them into coin- 
cidence, at which point the de- 
vice registers range. 

Signal 
being 
an ged 





Step 


Range 
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MAIN BANG: The transmitted 
pulse. 
MAXIMA: (See MINIMA) 


MCNALLY OSCILLATOR: A type of 
reflex Klystron requiring a sin- 
gle removable cavity resonator. 
Used in connection with RADAR re- 
ception at micro-wave-lengths. 
See KLYSTRON. 


ME TYPE P INDICATOR: A type of 
Plan Pos on Indicator in which 
the deflection coils of the cath- 
ode ray. tube are rotated mechan- 
ically (ASC, SG). In MN type P 
indicator, on the other hand, an 


electric field is used to gener- | 


ate the rotating magnetic field 
with stationary coils (ASG). 


MINIMA: The region of minimum 
return from the transmitted pulse. 
This minimum return comes about 
because the radiated energy tra- 
vels to and from the target along 
two paths, namely; (1) the direct, 
and (2) an indirect path in which 
the transmitted pulse strikes the 
land or sea and is reflected 
therefrom to the target. When 
the two waves reach the target out 


tube circuit which accomplishes 
the pulsing of the RF oscillator. 
No moaulator is required if the 
transmitter is the self pulsed or 
blocking oscillator type. 


MULTIVIBRATOR: A form of re- 
laxation oscillator consisting 
of two resistance or resistance- 
capacity coupled amplifiers with 
the output of the second coupled 
back to the input of the first. 
The useful output is usually 
taken from the plate or cathode 
circuits of either one or both 
of the tubes. By varying the 
selection of circuit constants 
the multivibrator is capable of 
producing a wide variety of wave- 
forms useful in Radar circuits, 
the most frequently used being 
Square or rectangular waves. 

It can be synchronized or lock- 
ed in step by a stable frequency 
source at its fundamental fre- | 
quency or at a harmonic or sub- 
harmonic or that frequency. 


'N' INDICATOR: A type of Radar 
ndicator which is a combination 
of types 'K* and ‘Mt indicators. 
St ene) lobe" e 





of phase, they tend to cancel each right 
other out, and a minima is pro- Lobe 
duced. ‘vhen they reach the tar- poyp | 
get in phase, the effect is ad- Sth 


ditive, and a MAXIMA is produced. 


Antenna Direct Path Target 
fy 7 
Ln 7 


Land or Sea 


MODULATION GENERATOR: A unit of 

equipment in which the pulse 
originates, and in which harmonics 
of the pulse frequency are selec- 
ted as range markers. 





Range 


NOTCH: A rectangular depression 
extending below the sweep line 
of the Radar indicator in some 
types of equipment. Echo sig- 
nals are centered in the notch, 
thereby facilitating taking range 
and bearing reading. In add- 
ition the notch may be expanded 
to permit closer examination of 
the desired signal. | 
Signals 


Note 


MODULATOR: In RADAR, the vacuum 
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"O* INDICATOR: <A type of RADAR 
Indicator similar to type ‘A' in- 
dication having a horizontal 
sweep and using a notch. (See | 
{llustration above) 


'P' INDICATOR: A type ‘of RADAR 
ndicator wnich is used for plan 
position indication, and which 
plots range and azimuth in polar 
coordinates. The signal appears 
as a bright spot at a radial dis- 
tance from the center of the 
screen which is proportional to 
range. The angular position of 
this signal on the screen cor- 
responds to the azimuth angle of 
the target. The sweep starts 
from the center and sweep toward 
the edge of the tube as itis 
rotated either clockwise or 
counterclockwise. 





Azimuth 
PARAPHASE AMPLIFIER: An amp- 


er used convert a single 
input to a push-pull output. 


PsDESTAL: (1) A type of antenna 
Support used in Model SC RADAR 
equipment. (2) The rectangular 
sweep voltage generated by cir- 
cuits in the Model FC/FD indi- 
cator. In operation, the pedes- 
tal frequency is the same as the 
pulsing frequency. A rectangu- 
lar harmonic wave is generated 
and superimposed on the pedestal 
wave with a periodicity corres- 
ponding to the pulsing rate. 

The resultant complex waveform 
is fed through a push-pull amp- 
lifier, the harmonic wave atop 
the pedestal being used on me 
side of the amplifier to tricctr 
the sweep generator, and on the 


other siae of the amplifier to 
form a notch. 


Square Harmonic 


ee Waves 


“pedestal ——>— 


Voltage 


PHANTOM SIGNALS: (See GHOST 
SIGNALS) 


PHASE INVERTER: An amplifier em- 
ploying degeneration and in some 
cases a voltage divider network 
in its grid circuit to invert the 
phase of a signal without chang- 
ing its amplitude. 


PHASE SHIFTING NETWORK: <A com- 
bination of inductance, resist- 


ance or capacity which is used 
to produce an out of phase volt- 
age with respect to a reference 
sine voltage. 


PLAN POSITION INDICATOR (PPI): 
See ‘'P 


PLATE PULSING: A circuit arrange- 
ment o e oscillator in which 
the plate voltage is normally 
reduced to such a low value or 
completely removed, so that no 
current flows to theplate and no 
oscillations occur. A pulse equal 
to the full plate voltage is then 
introduced in series with the 
plate. Oscillations begin and 
last for the duration of the pulse. 
This circuit requires an amplifier 
capable of supplying full plate 
power. (See also GRID PULSING and 
SELF PULSING) 


POLYPLEXER (Airoraft): A device 
or the camnbined operations of 
both duplexing and lobe switching 
in certain RADAR equipments. Use 
of a gas tube at the end of a 
quarter-wave line is made to pro- 
tect the receiver from the trans- 
mitted pulse, and switches 
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alternately cdénnect the port and 
starboard antennas to the du- 
plexing part of unit. 


POLYROD ANTENNA: An antenna 
donsisting of parallel rods, 
usually made of polystyrene. 
Used in Model FH (Mark 8) RADARS. 


PULSE: An abrupt increase or 
decrease in voltage or current. 


PULSE AMPLIFIER (VIDEO): A wide 

and amplifier capable of ampli- 
fying frequencies within and 
considerable above the audio fre- 
quency range. The band width 
might, for example, be from 30 
cycles to 3 megacycles. Such 
wide band amplifiers are used in 
television and also in RADAR 
equipment. 


PULSE CONTROLLED KEYER: A unit 

O nterrogator equipment, 
such as Model BL, which receives 
pulses from the RADAR unit and 
modulates the interrogator at the 
RADAR pulse recurrence frequency 
or at a submultiple of that fre- 
quency. 


PULSE DISCHARGE TUBE: A gas 
riode used in the bootstrap 
driwer for switching the pulse 
forming line to its terminating 
resistance. 


PULSE RECURRENCE FREQUENCY (Abbr. 
. sing rate or repetition 
rate of the RF transmitter. 


PULSE WIDTH: The elapsed time 
between the start and finish of 
a single pulse. 


PYRAMID WAVE: A triangular wave, 


the sides of which are approx- 
imately equal in length. 


QUIESCENT PERIOD: The resting 
period or the period between 
transmitted pulses. 

RACON: A RAdar beaCON,. 


RADAR (RADIO DETECTION AND RANG- 


ING): Generic term applied to 
electrical equipment capable of 


A-13 


performing the following func- 
tions: (1) Transmitting RF 
energy in the form of recurrent 
pulses, each pulse being of a 
short duration. 

(2) Receiving a com- 
ponent of the transmitted pulse 
whenever this energy is re- 
flected in such a manner as to 
return to the transmission point. 

(3) Measuring the time 
interval between the transmission 
of a pulse and its return as re- 
flected energy (the echo). 

(4) Indicating the di- 
rection or bearing of the re- 
flecting surface which caused 
the transmitted pulse to return 
as an echo. 


The principle use to which RADAR 
is put is to obtain an indication 
of the presence, range, and bear- 
ing of unknown ships and aircraft. 
RADARS are also sometimes used 
for navigational purposes and as 
absolute altimeters. 


RADAR CONTROL: The position from 
which the control of RADAR equip- 
ment is accomplished. This term 
applies specifically to the de- 
tection type RADAR. Fire control 
RADAR is controlled from the di- 
rector with which it functions. 


RADAR PLOT: Space provided in 
which tO plot the positions of 
other vessels and/or airplanes by 
information obtained from RADAR 
equipment. 


RANGE MARKERS: Sharp voltage 
pulses of accurately controlled 
frequency to indicate range when 
synchronized with and superin- 
posed on the sweep. 


R.D.F. (RADIO DIRECTION FINDING): 
ritis erm for RADAR. 


RECEIVER GATING: Applying oper- 
ating voltages to one or more 
stages of intermediate frequency 
amplification in a receiver during 


that part of a cycle of operation 


when reception is desired, 


REFLEX KLYSTRON OSCILLATOR: 
{ YSTRON) 


See KL 
REPETITION RATE OSCILLATOR: Any 
ype of osc ator whic s used 


to determine the pulse recurrence 
frequency of a RADAR transmitter. 
Sometimes called TIMING OSCILLA- 

TOR. 


REPLY R&CEIVER: (See RESPONSOR) 


REPROD (RECEIVER PROTECTION DE- 
VICE A part o e duplexer 
asccably used in RADAR equip- 
ment to prevent overloading of 
the receiver by the transmitted 
pulse. A REPROD together with a 
DECOUPLER makes a DUPLEXER. 


RESONANT CAVITY: A form of res- 
onant circu n which the cur- 
rent is distributed on the inner 
surface of an inclosed chamber. 


By making ths chamber of the pra-, 


per dimensions the circuit can be 
made to have a high Q at micro- 
wave lengths. The resonant fre- 
quency of a cavity can be changed 
by adjustment of screws protrud- 
ing into the cavity or by warp- 
ing the cavity. 


RESPONDOR: A receiver used spe- 
cifically in any IFF system to 
receive the reply to an inter- 
rogation signal. (See REPLY RE- 
CEIV=zR) 


RETRACE: The return of a trace 
or sweep described on the screen 
of a cathode ray oscilloscope to 
its starting point; the useless 
part of a total trace. In RADAR, 
the retrace is ordinarily blanked 
out by the use of suitable cir- 
cuits, usually connected so as to 
drive the grid of the CRT to cut- 
off during this portion of the 
cycle. Also called FLYBACK. 


RHUMBATROIi: A resonator of the 
holiow cavity type, in which 
rythmic oscillations are made to 
occur. 


RING OSCILLATOR: A type of osci- 
ator used in some RADARS in 
which any even number of tubes 
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a 


are arranged in a ring. Between 
each pair of adjacent tubes is 
a tuned quarter wave line func- 
tioning as a balanced tank cir- 
cuit. The open ends of each 
line are connected either to two 
grids or to two plates, alter- 
nating around the ring. Coup- 
ling between plate and grid cir- 
cuits is chiefly through the in- 
ternal capacity of the vacuum 
tubes. The balanced nature of 
each tank circuit puts equal RF 
voltages of opposite polarity on 
adjacent tubes. Therefore, dia- 
metrically opposite plates have 
identical polarities. Also cal- 
led SERIES OSCILLATOR. 


ROOSTER: A type of RADAR beacon. 


ROUND TRIP ECHOES: Echoes which 
are returned from large targets 
in excess of maximum range and on 
a subsequent sweep appear to be 
at close ranges. These signals 
are differentiated from surface 
craft or aircraft targets at 
close ranges by differences in 
the character of the fading. 


SALISBURY DARKBOX: An isolating 
chamber used for test work in 
connection with RADAR equipment. 
The walls of the chamber, or box, 
are especially constructed to ab- 
sorb all impinging radiational 
energy at a certain microwave- 
length. 


SAWTOOTH GENZRATOR: A sweep 
generator producing a waveform 
resembling a sawtooth. (See 
SWaEP GENERATOR) 


SCANNER: A type of spinner in 
which a parabolic antenna is 
made to oscillate back and forth 
from a center position. The os- 
cillation may be on a horizontal 
or a vertical plane or on a com- 
bination of both. 


SCANNING: Usually the action of 

e sweep circuit on the deflection 
elements of the Cathode Ray Tube 
in the Radar indicator. The action 
causes the spot on the tube screen 


formed by the electron beam to be 
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deflected so that it moves back 
and forth or in a circle around 
the screen. Scanning may also, 
in some cases, refer to the ac- 
tion of Radar antennas of the. 
spinner type. 


StkA RETURN: In Radar, deflec- 
tions of the sweep in the Radar 
Indicator caused by reflection 
of transmitted pulses from the 
sea. 


SEARCH: The term applied to that 
phase of Radar operation when 
the lobe or beam of radiated 
energy is projected in such a 
manner as to cover a large area. 
This may be accomplished by a 
broad beam antenna, a rotating 
or scanning antenna. 


SELF PULSING: A circuit arrange- 
ment of the RF oscillator such 
that a special type of GRID PULS- 
ING is obtained. Self pulsed os- 
cillators utilize a special cir- 
cuit which automatically stops 
and starts the oscillations at 
the pulsing rate. No auxiliary 


oscillators or mechanical circuits 


are required. (See also BLOCK- 
ING OSCILLATOR, GRID PULSING, 
PLATE PULSING) 


SENDER: 41): The transmitting 
circuit in IFF transpondors. The 
receiver in the transpondor trig- 
gers the sender, or transmitter, 
on receipt of an interrogation 
Signal, and the sender transmits 
a coded reply. 

(2) A movable quartz 
crystal used in some RADAR equip- 
ment to produce a state of stress 
through piezo-electric action, 
and to communicate the state of 
stress through a liquid to anoth- 
er crystal by means of a wave- 
train of alternating compression 
and tension waves. 


SERIES OSCILLATOR: See RING 
Re 


SILICA GEL: A chemical having 

sture absorption properties, 
used in connection with the de- 
hydration of transmission lines 


in RADAR equipment. 


SLOTTED LINE: (Sometimes called 
xplode e) A device for-de- 
termining the characteristics 

of transmission lines and anten- 

nas. See TRAVELING DETECTOR. 


SPINNER: <A spinner consists of 
a parabolic reflector, the me- 
chanical assembly for supporting 
the reflector, and the gear and 
motor drives used to rotate the 
reflector. The rotation may be 
along a horizontal or vertical 
axis or a combination of both. 
SPOT ERROR INDICATOR: See “G" 
INDICATOR 


a Ree see BLOCK- 
GO R. 


STaP: A sharp vertical drop 
produced in the sweep of the 
indicator patter in certain 
RADAR equipments. Suitable 
electronic circuits controlled 
from the front of the indicator 
permit moving the step along 
the sweep trace until its pos- 
ition coincides with that of 
the desired echo signal. Me- 
chanical indicating dials geared 
to the shaft of the control 
knobs give the distance to the 
target directly in yards when 
the step is moved to the pos- 
ition coinciding with that of 
the echo. 


SWEEP DISCHARGE TUBE: See 


SWEEP GENERATOR: The circuit 
of @ RADAR indicator which ap- 
plies voltages or currents to 
the cathode ray tube deflection 
elements in such a manner as to 
make the rate of deflection of 
the electron beam a known func- 
tion of time, against which 
other periodically occurring 
electrical phenomena may be 
examined, compared or measured. 
Sometimes called SWEEP DIS- 
CHARGE TUBE, TIME BASE GENER- 
ATOR. 
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SYNCHROSCOPE: An oscilloscope 

n which recurrent pulses or 
waveforms may be observed, which 
incorporates a sweep generator 
that produces one sweep for each 
pulse, regardless of frequency, 
thus allowing only one cycle to 
be viewed on the screen. 


TR BOX: (Transmit-Receive) The 
uplexing circuit in microwave- 
length RADAR equipment. (See 
DUPLEXER ) 


TR CAVITY: (See TR BOX) 


TICKET TUBE: Material used as a 
waveguide for low or medium power 
microwave RADAR equipment. The 
material is a hollow brass pipe, 
rectangular in cross section. 
TIME BASE: The voltage generated 
y GENSRATOR circuit in 
the RADAR indicator. The wave- 
shape of the voltage generated is 
such as to cause a trace to be 
described on the screen of the 
cathode ray tube which is either 
linear with respect to time, or 
if nonlinear, is still at a known 
timing rate. 


TIME BASE GENZRATOR: (See SWEEP 
GENERATOR 


TIMING OSCILLATOR: (See REPETI- 
TION OSCILLATOR) 


TRACE: The visible line or lines 
ch appear on the screen of the 
cathode ray tube in the RADAR in- 
dicator when a varying electric 
current or voltage is applied to 
the deflection elements of the 
tube. The lines apvear because 
the varying electric or magnetic 
field between the ceflection ele- 
ments displace the electron beam 
shot from the electron gun with- 
in the tube. The beamed elec- 
trons thus displaced give motion 
to the fluorescent spot they 
cause by impinging on a crystal- 
line substance at the end of the 
tube. If the deflection is ac- 
complished at a rate (faster) than 
approximately 0.1 sec. (10 cps) 
the spot appears to form a con- 


tinuous line or trace. 


To aim or direct as the 
antenna, in a horizontal 
plane. 


TRAIN: 


TRANSPONDOR: The unit of the IFF 
system which receives the inter- 
rogator signal and automatically 
transmits the reply. 


TRAVELING DETECTOR: 
A probe mounted on a 

slider and free to move along a 
longitudinal slot cut in a wave- 
guide or concentric transmission 
line. The traveling detector is 
connected to auxiliary measuring 
apparatus, and forms a means of 
examining the relative magnitude 
of any standing waves that may be 
present in the system. The whole 
system is known as a SLOTTED LINE. 

(2) A portable detector for 
connecting to the output of an 
If amplifier. The input to the 
amplifier is a frequency modulated 
Signal, which after being demod- 
ulated is taken from the detector 
and applied to a scope to describe 
the selectivity curve of the amp- 
lifier. 


TRIDENTS: A waveguide distribu- 
tion system for the vertical rows 
of polystyrene radiators on the 
Model FH (Mark 8) RADAR equipment 
(See POLYROD ANTENNA) 


TRIGGER: To set or to cause to 
start (or stop) suddenly. Usually 
applied to vacuum tube circuits. 
For example, to trigger a tube 
means to apply a voltage to the 
input or output circuit such that 
the tube, if non-conducting will 
suddenly begin conducting, or, 

if conducting, will suddenly 
cease. 


TRIGGER CIRCUITS: Amplifiers in 
whic e ect output voltage 

or current changes abruptly from 
one stable value to another stable 
value at a critical input voltage 
or current, and then changes back 
abruptly to approximately its 
original value at a different in- 
put voltage or current. 
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VIDEO AMPLIFIER: (See PULSE 
AMPLiIFizR) 


VOLTAGE REGULATOR: A circuit 

or removing low frequency and 
or high frequency variation from 
@& power suppdhy. 


WAVEGUIDE: Generic term used 

or transmission lines having no 
inner conductor; used to conduct 
microwave energy from the out- 
put of the transmitter to the 





antenna with minimum attenuation. 


In certain cases, no antenna is 
used with the waveguide, the 


Rectangular and Circular 
Waveguides 


wave being launched from the 
open end of the guide into 

the outside medium. In this 
event, the open end of the guide 
should be so constructed so as 
to form a fair impedance match 
with the outside medium. 

(See HORN) 


WINDSHI@LD: In RADAR, a 

stre ned cover placed in 
front of airborne paraboloid 
antennas so as to minimize 
wind resistance. The cover 
material is such as to prevent 
appreciable attentuation to 

the radiation of RADAR energy. 


WINGS: (See "G" INDICATOR) 
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FUNDAMENTAL CIRCULT NOMENCLATURE 





1. LIMITER: 

A circuit which limits or clips either or bcth the 
positive or negative portion of a waveform at'a predeter- 
mined level. 


B+ 


Plate limiting by 
overdriving a tube 








: Diode limiting, 
Grid limiting is sometimes Similar in principle to 
referred to as grid stopping grid limiting. 


R. CLAMPING: 


A circuit whicn clamps a waveform at either 
amplitude extreme to a given reference level of potential. 


GRID DIODE DIODE 


—-4 ~{ 
= Chama ‘MWhoy. 





Figures 5, 6, and 7 are characterized by a short RC path 
for changes in charge on the condenser in one direction 
and a long RC path in the other direction. 


6 
Sweep s 
§ 


Syne Lt 
{ 


wks ube 





SYNCHRONIZED CLAMPING 


= 
Je COUNTING CIRCUIT: " 
A circuit which receives uniform pulses representing 


units to be counted and produces a voltage in proportion to 
their frequency. 






Blocking 
Osc.Tube 





STEP BY STEP COUNTER 


4. CATHODE FOLLOWER: 


A degenerative vacuum tube circuit in which degener- 
ation is produced by an unbypassed cathode resistor, the 
output being taken across this resistor. This cirouit is 
essentially an impedance matching device with less than unity 
voltage gain but possessing power gain. The high input im- 
pedance and very low output impedance render it particularly 
suitable for coupling between pulse generative or pulse 
transmitting stages and transmission lines or circuits whose 
shunt capacity might otherwise cause objectionable effects. 
The output of a cathode follower is of the same polarity, and 
therefore "follows" the input grid voltage. 

B+ 


| 
Input q 


Output 





() 
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5. CATHODE COUPLED AMPLIFIER: 


An amplifier with its load impedance in the low 
potential (to ground) part of the circuit rather than in the 
plate or high potential circuit. It amplifies the input 
wave without inverting its polarity. 


B+ 


Input 


Output 


6. PHASE INVERTER: 


An amplifier employing degeneration and in some 
instances a voltage divider network in its grid circuit to 
oo the phase of a signal (without changing its ampli- 
tude). 


Be 







Voltage Output 
Divider 
Network 

Degeneration 


7. PARAPHASE AMPLIFIER: 


An amplifier used to convert a single input to a 
push-pull output. 





2 Tube 
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&6. BLOCKING OSCILLATOR 


_Any oscillator, running freely or controlied by 
a synchronizing voltage, which cuts itself off after one or 
more cycles by the flow of grid current charging a grid 
capacitor. 





sync B+ B+ 
SINGLE 
CYCLE ee 





9. SWEEP GiNSRATOR: 


The circuit in the Radar indicator which applies 
voltages or currents to the cathode ray tube deflection 
elements in such.a manner as to make the rate of deflection 
of the electron beam a known function of time, against which 
other periodically occurring electrical phenomena may be 
examined, compared, or measured. 

Be 


Be 


Hu 


Sweep Sqvt 





ep 
aa 


GAS TUBZ HARD~ TUBE 


10. PHASS SHIFTING WutvOkks: 


Any combination of inductance, resistance or 
sapacity which is used to produce an out of phase voltage 
with respect to a reference sine voltage. 


—f 
RC 


Cutpu 
RC LR 


: : O 
Maximum si:ift annrcoaches 90 
e 


Maxinun siift apvroackes 130° 
B-& 
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ll. WOULTIVIBRaTORS: 


A form of relaxation oscillator consisting of two 
resistance or resistance-capacitance coupled amplifiers with the 
output of the second coupled back to the input of the first. 

Bt 





a 


3 nc 


SINGLE KICK 





12. 2éNGE Muti CIRCUIT: ca 

Any circuit, externel or internal to an indicator, 
which supplies sharp voltage pulses of accurately controlled 
frequency to indicate range when synchronized with and super- 
imposed on the Sweep. 


Differ Output 
entiatar 





13. ARTIFICIAL LINSS: 
Any network composed of lumped constants which can 
be used to introduce a time-delay or to form an accurately 


timed pulse, similar to an ordinary transmission line with 
its own inductance and distributed capacity. 


) VU 


Output 





Input 


Artificial line as delay line 


| Artificial line as 
) e f ean forming line 
i Guillemin type) 


Output 


14. MODULATOR: 


Any circuit for supplying power to the RF oscillator 
in the form of a timed high amplitude rectangular pulse. 
High Voltage — 





=HARD TUBE MODULATOR 
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15. DRIVER: 
A circuit which, when triggered, is designed to 


drive a modulator with a rectangular pulse of accurately 
timed width. 


To Modulator 


Be 





SINGLE TUBE DRIVER BOOTSTRAP DRIVER 
Bias 


16. VOLTAGE REGULATOR: 


Any circuit for removing low frequency and/or 
high freyuency variations from a voltage supply. 


Regulated Reg. 





Unreg. 


5056655 O - 44 - 14 


17. BALANCED DETECTOR: 


A circuit useful for detecting changes in frequency 
or phase rather than changes in amplitude. The difference 
in tube load current is the useful feature of the circuit. 
The load current flowing in each tube is in proportion to 
the magnitude of the resultant voltage on that tube. Fig. 

35 is designed to detect the beat produced by mixing two 
varying frequencies at the input. Fig. 36 is commonly pre- 
ceded by a limiter stage to remove any amrlitude modulated 
component and when so operated is usually called a discrim-~ 
inator particularly for automatic frequency control circuits. 


Inpu 





Input - 
18. DUPLEXER: 


The protective arrangement used in any Radar unit 
to protect the receiver from the transmitted energy when 
using a common antenna, and allow all of return signal to 
enter receiver. 


To TX Resonant Cavity 
(equiv. ckt.) 
odd no. 
i chek ie kaa: To 2K Nh | To. Ant. 
MET cR 


CENTIMETER 
A 
e 1h “| Gas Tube 
Oy . 
OQ 


TX 
To RX Sas Tube 
19. MICROWAVE LOCAL OSCILLATORS: 


Any of several types of reflex klystrons or light- 
house tubes used as RF to IF conversion oscillators. 
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20. MICROWAVE MIXERS: 


Any circuit for mixing the microwave oscillator 
signal with the return signal, including grounded grid 
triodes and crystal mixers. 

21. CONTROL SYSTEM: 

Radar control systems may consist of arrangements 
of selsyns, selsyns and amplidynes, or potentiometers 
employed to synchronize the movements of a given mechanical 
system with other mechanical systems or with cathode ray 
tube deflection systems. 


22. DIFFERENTIATOR CIRCUIT: 
One which produces an output witage substantially in pro- 


portion to the rate of change of the input voltage or 
current. 


—H 


RC L/R 


23 INTEGRATOR CIRCUIT: 


One which sums up, or produces an output voltage 
substantially in proportion to the frequency and amplitude 
of the input pulses. 
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APPENDIX D 


Introduction to Representative Types of Airborne Equipment 
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APPENDIX E 


AN Nomenclature 





CONF IDENT LAL 


AN NOMENCLATURE 
(NAVY USED EQUIPMENT) 


Radar (Assemblies - APA) 
ormer Navy Former 


Designation Designation Designation Description 


*AN/APA-1 Airborne Radar Repeater 
Indicator Equipment - 
used with ASB or SCR-729. 


AN/APA-2(XA-) "S" Band Antenna Equip- 
ment - used with SCR-717 
and ASV. 


AN/ APA-3(XA-) "X" Band Antenna Equip- 
ment - used with ASV and 
SCR-717 e 


AN/APA-4(XA-) Airborne Audible Warning 
Radar Attachment - used 
with SCR-517, SCk=-717 or 
any "S" or "X" Band Radar 
Systen. 





. Radar (Gun Directing - APG ) 


AN/APG-1 AGL-1 SCR-702B "S" Band Airborne Air- 
(W.E. ) craft Detector and Gun- 
Aiming Device, 
AN/APG=2 AGL-1 SCR-702A "S" Band, Airborne De- 
(GE) tector and Gun-Aiming 
Device. 
AN /APG=3(XA-) AGLX "X" Band, Airborne Radar 


Gun Directing Equipment - 
similar to AN/APG-1 and 
AN/APG=2. 


AN/APG=4, RL-101 UHF, FM, Airborne Radar 
(Sniffer ) Low Altitude Bomb Re- 
lease, automatic. 


AN/APG-4X Same as An/APG-4, except 
operate on 14 volt D.C. 


AN /APG=5 ARO SCR=-726 Airborne Gun Ranging 
‘Equipment. 


985555 O - 44 - 15 





CONFIDENTIAL 


(Cont'd. ) . 


Radar Navigational Aids = APN, 


Former Navy Former Army 


AN 
pes Designation Designation Description 
= Airborne Radar timeter. 


Same as *AN/APN-1 except 
substitute *1D-1/ARN-1 

for *1D-14/APN-1. (differ- 
ent indicator.) 


*AN/APN-1B Same as *AN/APN-1 ex- 
cept does not include 
*1D-14/APN-1. (indica- 


tor). 

* AN/ARN-1 AYD-1.-4.=5 Airborne Radar Altin- 
eter. 

* AN/APN-4, SCR-622 Loran. 

AN/APN-7 ABM Airborne Transponder 

(Exp. equip. Beacon. 
CXCG) 

AN/APN-8 CXCG-2 Airborne Transpondor 
Beacon (26volt D.C. 
supply). 

AN/ APN-8X CXCG=1 Same as AN/APN-8 ex- 


cept. operate from 
13 volt D.C. Supply. 


AN /APN-8Y CXCG Same as AN/APN-8 ex- 
cept operate from 8&0 
to 115 volt 400 - 
3400 cycle AC supply 


a Rada: (Special —- AP 
_ AN/APQ-1 Special Radio Equip- 
ment (RCM). 
RC-156 ex- 
cept for 
freq. change. 
AN/AP 2-3 ARQ A-2600 R.R.L. Airborn3 Raaio Search 
Receiver (RCM). 
AN/APQ-4 ARR A-2700 R.R.L. Airborne Radio Search 
' Receiver (RCM). 
AN/APQ=5 RC-217 - Auxiliary Electronic 
used with Bombsight Equipment 
SCR-517C 


MP ew’ 








COW” TDENTIAL 


(Cont'd, ) 


Radar (Special “ APQ) 


Former Navy 


AN 
Designation Designation Designation Description 


AN/APQ=-5A 


AN/APQ~8(XA-~) 


AN/APQ-9(XA-) F903-R.R.L. 


AN /AP Q-13 
(XA) 


Former Army 


Similar to 


RC-156 
H2X Radi- 


ation Lab. 


Similar to AN/APQ-5 
except control box and 
tracking unit combined 
in one unit. 


Airborne Electronic 
Equipment (RCM). 


Special Radio Equip- 
ment (RCM). 


“X" Band, Airborne 
Radar Bombing Equip- 
ment. 


Radar (Receiving APR ) 


AN/APR-1 ARC-2 


AN/APR-1X 


Airborne Radio Search 
Receiver (RCM). 


Same as AN/APR-1 ex- 
cept operates on 60 c/s 
instead of 400 to 2400 
c/s power supply. 


Radar (Search ~- APS) 


AN/APS-1 (XA-) 


AN/APS=-2 ASG-3 
AN/APS=-2A ASG=-2 
AN/APS=-2B ASG-2 
AN/APS-3 ASD-1 


Similar to: 
SCR-617 
SCR-517 


Radar Airborne Searoh 
Equipment - To operate 
with IFF, LAB and ground 
beacon. Multiple form 
factors with common 
components, 


"S" Band, Airborne Elec- 
tronic Search Equinment. 


Same as AN/APS-2 except 
Spinner adapted for K 
Ship Installation. 


Same as AN/APS-2 excerpt 
Spinner adapted for B-24 
Installation. 


"xX" Band Airborne Search 
Radar. 


CONFIDENTIAL 
(Cont'd. ) 





Radar (Search = APS ) 


Former Navy Former Army 


Designation Designation Designation Description 

AN/APS-4 ASH "x" Band Airborne Elec- 
tronic Search - Intercept 
Equipment. 

AN/APS-6 ATA-~1 "X" Band, Airborne 


Search, Interception 
and Gun-Aiming Radar 
with Beacon Facilities, 


AN/APS-8( 8A-) Tail Warning Equip- 
ment for use in fighter 
planes. 

AN/APS-10 "S" Band, Lightweight 

( XA~) Airborne Radar Search — 


Equipment. Operate 
beacon and IFF equip- 


ment. 

AN/APS-11 AMC ; Airborne Tail Warning 

(XN-1) Radar Equipment. 

UHF and FM. 

AN/APS-13 | "L" Band Airborne Tail 
Warning Equipment. 

AN/APS-14 Airborne Radar Search 
Equipment. 

AN /APS=-15 H5X "X" Band, Airborne 
Electronic Search 
Equipment. 


AN/APS-16 Similar ASB - "DE" Band, Airborne Tail 
| Warning Equipment. 


AN/APS-17 ASJ "S" Band, Airborne Tail 
Warning Equipment. 





Traini Equipment 


AN/APS=-2-T1 Equipment for training 
personnel to read and 
interpret the Plan Re- 
peater Indicator 
1D-2/AF3=2. 





AN/APQ-5-T1 Training Equipment to 
be used with AN/APQ-5. 
E-4 











CONFIDENTIAL 
(Cont'd, ) 





Radar - (Transmitting - APT 


AN Former Navy Former Army 
Designation Designation Designation Description 


AN/APT-1 RC=-230 = Radio Equipment 
RCM). 





Radar - APX 


AN/APX-1 ABF-2 Transpondor Equipment - 
; similar to SCR-695. 


AN/APX-1X Same as AN/APX-1 except 
uses 14 volt D.C. Supply. 


AN/APX-2 ABI An Airborne Interrogator - 
| Responsor - Transpondor 
‘ equipment. 


Radio (Communications - ARC) 
AN/ARC-1(XN-) W.E. 233X Airborne VHF Radio Com- 
munication Equipment. 


AN/ ARC-2 ( XN- Airborne Radio Trans- 
2) mitting and Receiving 
equipment. 
AN/ARC-h W.E. 233A Airborne VHF Radio Com- 


munication Equipment 
(24 volt supply 


AN/ARC-4X Same as AN/ARC-4 except 
it uses only 12 and 24 
volt supply. 


AN/ARC=5 MF and HF Radio Equip- 
ment (Plate and Soreen 
Modulated - ATA and Mod- 
ified ARA alao modified 
SCR-274,N-VHF ) e 


Radio Navagational Aids - ARN 
AN / ARN-6 SCR-599 Airborne Automatic Radio 
Compass. 


AN/ARN-7 SCR-639 Airborne Automatic Radio 
Compass. 


AN/ARN-8 MBA Airborne Radio Marker 
Beacone Receiving Equip- 
ment. 

B-5 


CONFIDENTIAL 
(Cont'd. ) 


Redio Navagational Aids - ARN ) 


AN Former Navy Former Army 
Designation Designation Designation Description 


AN /ARN-9 ZA=2 Airborne Radio Instrument 
Approach Equipment. 


wa a 
Radio (Receiving - ARR) 


*aN/ARR-] ZB-2 ZB=3 Homing Adapter used 
with Communication 
Receiver. 

* AN /ARR=-2 ZBX Airborne Radio Homing 
Equipment. 

AN/ARR=2X _ Same as *AN/ARR-2 ex- 


cept operates on 12 
volts instead of 24 
volts D.C. supply. 


AN / ARR=3 RC=$222 Airborne RadioReceiver - 
used with AN/CRT-1. 

AN/ARR-4 XANB-R-=3 Airborne Communication 

(XN-) and Navigation Receiver. 

XN-1 (GE) | 

XN-2 (RCA) 

XN-3 (Galvin) 

AN/ARR=-5 Intercept Radio Receiver 
(RCM) | 


a nee nS 


Radio (Remote Control - ARW) 
AN/ARW-1 Radio Control Receiving 
Equipment. 








Magnetic Equipment (Special - ASQ) 
AN/ASy-1 MAD, Type 6 Magnetic Airborne Sub- 
marine Detection Equipment. 


AN/ASY-1A Same as AN/ASQ-1 except 
not subject to geographi- 
cal limitations and include 
DT-3/ASQ-1A instead of 
DT-1/AS.-1 and include 
additional unit sM-9/AS.- 
E-6 1A. 














CONFIDENTIAL 


(Cont'd) 





etic Equipment (Special - AS 
Former Navy Former Arny 


Designation Designation Designation Description 


AN/ASQ-2 MAD, Type 6 Magnetic Airborne Sub- 
(Double Unit) marine Detection Equ!p- 
ment. 
AN/ASQ-3 MAD, Type 10 Magnetic Airborne Sub- 
: marine Detection Equip- 
ment. 
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